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OSTEOCLASTOMA OR GIANT-CELL TUMOUR OF BONE 


To pathologists and surgeons of the nineteenth century the behaviour of the tumour 
which to-day goes by the name of osteoclastoma, or giant-cell tumour, seemed to establish 
it as a member of the bone sarcoma family. Until radiographic aids to early diagnosis were 
available, many of these tumours were encountered only after they had attained considerable 
size and presented to the clinician’s trained sense of touch the now almost forgotten sign of 
egg-shell crackling. In spite of these destructive attributes the ‘‘ myeloid sarcoma ”’ behaved 
as a non-lethal lesion and was regarded by such masters as Virchow, Paget and Nélaton, as 
essentially benign. 

In our approach to the problem of the giant-cell tumour we no longer look to sarcomas 
of bone for analogies or contrasts in behaviour, although the rare malignant type of osteo- 
clastoma is now a proven entity. It is the relationship of giant-cell tumour to dystrophic 
lesions of bone that holds our interest. We are familiar with the fact that osteoclastoma 
areas may be discovered in the mosaic histological pattern that is characteristic of the several 
anatomical types of fibrocystic disease of bone—a skeletal affection which on every account is a 
non-tumour lesion—and we have clinical evidence that after removal of a parathyroid tumour 
in the generalised form of osteodystrophia fibrosa, large cystic lesions, predominantly giant-cell 
tumour in structure and behaving for a time in tumour fashion, may regress without the need 
for local surgical attack. Thus to-day we speak of the “ giant-cell tumour process ”’ in which 
at one end of the scale we see dystrophic lesions that may signify little more than abnormal 
manifestations of the process of repair in bone and, at the other end, the osteoclastoma as 
a tumour lesion, aggressive, malicious and on occasion endowed with malignant potentialities. 

In the past, histological kinship between the cyst and the giant-cell tumour has led to 
confusion in diagnosis. Many giant-cell tumours recorded in the literature were in fact 
dystrophic cysts. Geschickter and Copeland first made clear the distinction between 
dystrophic cysts and giant-cell tumours, the outstanding fact being that a solitary cyst of 
long bones is always a lesion of the metaphysis originating in childhood or adolescence, whereas 
the giant-cell tumour is a lesion of the epiphysis and is seldom if ever seen under the age of 
twenty years. Most cysts run true to type but even atypical cysts, which have a special 
interest of their own, exhibit in some measure the tendency inherent in dystrophic lesions 
towards spontaneous repair. The key-note in treatment of the cyst is stimulation of 
osteogenesis leading to obliteration of the cavity, which can be accomplished by the 
simple operation of packing with bone grafts or alternatively by controlled irradiation. 

The giant-cell tumour, on the other hand, in its true guise is always aggressive and 
destructive. The key-note in treatment is prompt eradication or destruction of the tumour. 
In early tumours of long bones the most desirable procedure is one in which the tumour 
tissue within the epiphysis can be eliminated with precision and without risk of damage to 
the articular cartilage. Bloodgood showed long ago that this can be achieved by curettage 
and cauterisation. To-day some surgeons prefer to collaborate with radiotherapists in the 


157 





158 EDITORIALS 


treatment of early tumours and to confine surgical attack to more advanced tumours, 
particularly those where biopsy suggests impending or actual malignant change. 

In any attempt to evaluate what should not be regarded inevitably as conflicting forms 
of treatment, it is essential that our teaching should not be vitiated by failure to recognise 
the clear-cut distinction between giant-cell tumours and dystrophic cysts. HARRY PLATT. 


GIANT-CELL TUMOUR OF BONE 


In this number of the Journal the clinical details of eighty-four cases of giant-cell tumour 
of bone are recorded in five papers, and pathological features are reviewed by two recognised 
authorities whose opinions have earned the respect of the profession. Until 1920, the 
nomenclature was confused and inaccurate. Of the various names that have been applied 
the most reasonable is “ giant-cell tumour ’’—a term preferred by most clinicians, though 
“osteoclastoma,”’ which is preferred by pathologists, is acceptable. Yet even Willis points 
out that the name osteoclastoma ‘“‘ does not necessarily imply specific derivation from 
differentiated osteoclasts.”” The virtue of a name is to convey a meaning and in the case of 
this lesion the meaning should be a tumour of bone which usually, but not always, pursues 
a benign course. That it can behave like a malignant tumour has been known for nearly a 
century, and such behaviour was described by Sir James Paget in 1853. 

There are many problems and their solution has not been aided by the confusion that 
has arisen from the multiplicity of names, the publication of incomplete case histories, the 
inaccurate statements that have been copied from one author to another, and the undue 
emphasis that has often been placed on one or other method of treatment. Certain features 
can now be clarified; but let us recognise that the mystery of this tumour, and the real nature 
of it, will be known only when the mystery of tumours in general is solved. 

There is now sufficient evidence to disprove the former belief that giant-cell tumour of 
bone is of epiphysial origin. Before the epiphysis has fused with the diaphysis the tumour 
can be seen to arise independently and separately from it, in the metaphysial end of the 
diaphysis. The tumour has such osteolytic properties, particularly in children and young 
adults, that the epiphysial cartilage offers no barrier and destruction may extend rapidly 
from the metaphysis to the epiphysis itself. Moreover, in two-thirds of cases the lesion first 
develops after the epiphysis has completely fused. It should no longer be thought that 
giant-cell tumour of bone is a disease of the epiphysis. 

In many respects the clinical and radiographic features are characteristic. Nevertheless 
there is only one certain method of diagnosis—namely by histological examination. Giant-cell 
tumour often mimics other lesions, particularly solitary cysts of bone. Certain types of bone 
sarcoma may be clinically indistinguishable, especially the ‘‘ medullary fibro-sarcoma ” 
described by Scarff. Plasmocytoma as a solitary lesion, and even metastasis from carcinoma 
or the more rare neuroblastoma, can at times show radiographic appearances that closely 
resemble those of osteoclastoma. Without biopsy the diagnosis must always be speculative. 

With increasing appreciation of the life history of the giant-cell tumour, treatment has 
been simplified. At one time limbs were amputated; then tumours were excised; later they 
were curetted; and now they are irradiated. Irradiation is sometimes used only as a 
precautionary pre-operative or post-operative measure, but often it is used as the sole method 
of treatment. One curious belief should be exposed, namely, that accessible tumours should 
be treated by surgery and inaccessible tumours by radiation. If radiation is successful in 
inaccessible and deeply situated tumours why should it be denied to patients with accessible 
and superficial lesions? Naivety must also be recognised in the proposal that curettage of 
the tumour, with or without implantation of bone chips, should be supplemented by 
radiation. It must be asked, when this practice is pursued, what it is proposed to irradiate. 
Is it necessary to radiate the bone chips? They surely do not need it. Or is it proposed to 
radiate a cavity left after curettage? Many experienced radiotherapists have pointed out that 
treatment is more difficult and that failures, recurrences, complications and morbidity are 
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greater after such combination than after either therapeutic measure alone. Like most 
compromises, this is no solution to the problem and it should be abandoned. 

In the search for truth certain fundamental principles become clear. Tumours in the 
hands and feet should not be irradiated because there is too great a danger of injury from 
the radiation. Tumours in children should seldom be irradiated because the treatment may 
cause epiphysial injury and deformity. Case reports in the literature with a follow-up of not 
more than three to five years cannot be relied upon. The long term effects of radiation in 
children, with irreversible damage that may be disastrous, cannot be judged in less than 
ten to fifteen years. 

In considering the response of giant-cell tumour to radiation two clinical types may be 
distinguished. In the flat bones of the pelvis and shoulder girdle, and in the vertebrae, the 
gross characteristics of the tumour differ from those of tumours in classical sites around the 
knee joint. Even in the femur and tibia, and sometimes in other long bones, these two types 
may be differentiated. In one, the appearance is that of a cyst without trabeculation or 
bone expansion; the lesion is situated centrally; it is of small or moderate size; the rate of 
growth is slow; and there may be no external deformity. In the other, there is expansion 
of bone and marked trabeculation; it occurs most commonly in the pelvis; and when it 
involves the long bones of the limbs it gives rise to deformity, obvious swelling and often 
spontaneous fracture. In the experience of this writer, central non-trabeculated cystic 
tumours in the classical sites at the upper end of the tibia and lower end of the femur respond 
badly to radiation whereas trabeculated tumours with ‘‘ soap bubble appearance ’’ respond 
well, especially if they have not already been curetted. There is nearly always arrest of 
growth of the tumour and complete re-ossification. 

Tissue doses should be small—seldom more than 2000 roentgens, the treatment being 
given in two, or even three, courses at intervals of six or more months. The immediate 
reaction of increased decalcification that often precedes repair of the lesion is described in 
many cases reported in this number of the Journal. 

It is known that tumours that pursue a benign course may yet involve surrounding 
soft tissues and pass across joint cavities into neighbouring bones. One example of such 
extension is recorded by Windeyer and Woodyatt; and Russell draws attention to the fact 
that soft tissue invasion is not necessarily sinister in its significance. But it must be accepted 
that giant-cell tumour of bone does sometimes show evidence of malignancy. It is easy to 
suggest that all tumours are potentially malignant and that giant-cell tumours are no 
exception in that they may lie within a varying range of malignancy; but this conception, 
though no doubt tidy from the pathological point of view, is of no help to the clinician. Is 
it possible for a giant-cell tumour that appears histologically simple to metastasize? Does 
a benign tumour undergo malignant metaplasia? The contributions of Russell, Willis, 
Windeyer and Ellis make it clear that there is no certain distinction between benign giant-cell 
tumours and malignant giant-cell tumours that give rise to visceral and sometimes skeletal 
metastases even after ablation of the tumour and in the absence of local recurrence. 

That there are two forms of malignant giant-cell tumour is pointed out by Professor 
Xussell. In one, the lesion remains essentially a giant-cell tumour. It was in this variety 
hat Jaffe et al. described morphological changes by which they believed that it was possible 
0 distinguish the malignant from the benign form. In the other variety, the stroma cells 
indergo metaplasia and the tumour is indistinguishable from an osteogenic sarcoma. This 
ype is of special interest in connection with treatment by radiation. The series of cases 
‘eported in this issue of the Journal includes eight (excluding those in Paget’s disease) in 
vhich a benign tumour, treated by radiation with or without surgical intervention, became 
. malignant tumour. To this series can be added three from Westminster Hospital, not 
ncluded in Prossor’s report, where radiation was followed by malignant change. It is well 
known, both from experimental and clinical evidence, that bone sarcoma can be induced by 
radiation. Cahan, Woodward et al. reported eleven such cases; osteogenic sarcoma developed 
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in irradiated bones six to twenty-two years after radiation. Radiation is a form of injury 
and undoubtedly it may precipitate malignant change in a bone. But it is only fair to point 
out that the dosage in experimental cases, and others in which malignant change occurred, 
was far in excess of the 2000 roentgen which is the dosage now used in treating giant-cell 
tumours. Nevertheless the warning should be accepted. The cure of giant-cell tumours by 
X-ray therapy should be achieved by moderate doses and the possibility that larger doses 
may give rise to sarcoma should always be in mind. 

The occurrence of giant-cell tumours in association with Paget’s disease, as recorded by 
Professor Russell, is of great interest by reason of its rarity. Has it ever been recorded before ? 
It is also of interest because of the similarity between the bone changes of osteitis deformans 
and osteitis fibrosa, and the possible relationship between osteitis fibrosa and osteoclastoma. 

STANFORD CADE. 


TRAVELLING FELLOWS IN ORTHOPAEDIC SURGERY 
FROM THE AMERICAN CONTINENT—THE A.B.C. CLUB 


The first cycle of a new adventure has been completed. Last year, thirteen young British 
orthopaedic surgeons were guests of American and Canadian hosts; they visited important 
orthopaedic centres in the North American continent and attended the historic combined 
meeting of the American, Canadian and British Orthopaedic Associations in Quebec. This 
year, ten American and five Canadian orthopaedic surgeons were guests of British hosts; 
they visited orthopaedic centres in this country and made important contributions to the 
Spring meeting of the British Orthopaedic Association in Nottingham. 

The travellers were met on board the ‘“‘ Queen Mary ”’ at Southampton by the President, 
ex-President, Treasurer and other Officers of the British Orthopaedic Association; and 
having made short shrift of Customs, and the problem of finding taxicabs at Waterloo, the 
memory that remains is that of the calm serenity of Big Ben and the Houses of Parliament, 
silhouetted in a moonlit sky. The smooth-moving waters of the Thames, almost within reach 
of Pinafore Room of the Savoy Hotel where the official dinner of welcome was attended by 
nearly every London orthopaedic surgeon, promised the peace and calm which surely was to 
be needed in a hectic journey from London to Cambridge, Luton, Norwich and Newcastle; 
Edinburgh and Glasgow to Loch Lomond and the English Lakes; Liverpool, Manchester, 
Oswestry and Birmingham to Stratford-upon-Avon, Nottingham and the Sherwood Forest; 
Derby, Oxford, Bath, Bristol and Exeter to Stoke Poges, Windscr and the Golden Valley. 

The travellers were driven many hundreds of miles, at a very safe pace, by the reliable 
Irishman Pat, in the unheated omnibus which soon became known as the Deep Freeze. It 
lacked in calories but not in confidence. Still held in secret are the vivid and uninhibited 
impressions of American and Canadian members of the A.B.C. club—the club of American, 
British and Canadian Travelling Fellows in Orthopaedic Surgery, established formally in 
Nottingham with only one rule—that every member would play his part in facilitating the 
visits of young orthopaedic surgeons from one country to the other. A conception so warm in 
its ideals should not have been conceived in an environment so cold. Our southern American 
visitors believe that bilateral cervical and lumbar sympathectomy is needed if Britain is to 
be appreciated. Cambridge, the first halt on their journey, is still replenishing its stocks of 
full arm and leg length woollen underwear! 

Ham Allan of Philadelphia fulfilled the réle of leader with unfailing charm and competence 
and showed great skill in the delegation of responsibility. Ted Dewar of Toronto was 
adjutant, and we are sorry that there was not time to learn more of his remarkable knowledge 
of scoliosis. Don Blanche from Los Angeles thought much but spoke little—and always to 
the point. Verne Inman of San Francisco won admiration for the fluency of his delivery at 
Nottingham when one photograph showed his own shoulder girdle bristling with fearsome 
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bone-transfixion pins. John Fahey of Chicago heard everything, saw everything, and was 
ready to discuss everything; he received many cablegrams reporting yet further additions 
to his family and at one time it appeared that he might even be the parent of quintuplets; 
but with undisturSed equanimity he left, as he arrived, the proud parent of a single child 
that he has not yet seen. Benny Obletz of New York did not, as we had been warned, “ take 
or talk the nerves out of every hip joint ”’; he was objective ana modest in his claims. Carroll 
| Larson of Boston distinguished himself not only by modesty but by making the best speech 
of all that were delivered at the Annual dinner of the Association and by arriving on board 
the last day, unshaven and unslept, happy in having advised on artbroplastv. Bill Bickel 
, of the Mayo Clinic shamed us by his knowledge of E, A, F, DCA and ACTH and by his ability 
: as a woodsman; he can indeed handle an axe. Leo Walker of Montreal sustained the Canadian 

reputation for skilful colour cinematography with Mickey Mouse interpolations. Hugh 

Smith of Memphis played nearly every piano in Britain; with the cover of a keyboard he 

nearly amputated the fingers of the Editor of this Journal; and he was the first American 
i to hold up a British express train. Frank Paterson of Vancouver represented the Western 
: Canadian seaboard and spoke well for his colleagues at the Robert Jones and Agnes Hunt 
. Orthopaedic Hospital. Bill McKinnon of Winnipeg, who knew us during the war, still speaks 
, ; fluently in public while remaining modest and reserved in private conversation. Ramsey 
| Straub of New York will be remembered for his careful presentation of the problems of 
; ; lumbo-sacral fusion; but we cannot forget the tug “‘ Romsey ” of immense girth and power 
k that moved the “‘ Queen Mary,” and we will always think of him as “ Friar Tuck of Sherwood 
Forest.’’ Ben Fowler of Nashville was never lacking in wit; when seen handling a rope outside 
a suite of operating theatres, he replied that British surgeons visiting America had feared that 
Arbuthnot Lane might turn in his grave, but from what he had just seen a rope was needed 












































to prevent Arbuthnot Lane from rising from his grave. 

; i The last day was spent in the Royal College of Surgeons of England. Professor Wood 
} Jones showed many of the treasures of the Hunterian Museum—the first madder experiments 
L on bone growth, the injected placenta which maintains its colour as if prepared a few days 


ago, and the wonderfully preserved specimen of a cock’s comb with implantation and survival 
of a human tooth. A densely packed audience witnessed conferment of the Honorary 
Fellowship of the Royal College of Surgeons of England—a jealously guarded honour—upon 
’ ee Robert Harris of Toronto who, being made a Fellow of the College, was then able as Hunterian 
Professor to deliver a lecture on the problems of spondylolisthesis. The American and 
Canadian guests were entertained to dinner in the Library, and on the tables were John 
Hunter’s tankard, Cheselden’s cup, Colles’s silver, and other personal possessions of the 
great masters of surgery. The unprecedented wearing by Lord Webb-Johnson, the President 
of the College, of his tartan waistcoat was matched by the wearing of tartan waistcoats by 
every single one of the visiting surgeons. 

As if the tour had not been exhausting enough the last Sunday was spent at House-in-the- 

Wood, where agreement in publication of a joint British-American Journal of Bone and Joint 
; Surgery was reached. Sunday—a day of rest indeed! A walking tour of the estate, the 
, ; ighting of a forest fire, and the competitive felling of huge timber, was the order of the day. 
) fed Dewar and Bill Bickel, with their Canadian and Minnesotan backwoodsmanship felled 
i heir tree first; Reg Watson-Jones and Scotty Law crashed theirs to the ground thirty seconds 
ater. Dinner was at the Royal Anchor Hotel, Liphook, renowned for the visits of Wellington, 
: Nelson, Churchill, Eisenhower, and Canadian surgeons of Connaught Hospital. 
, What shall be said of this venture? British orthopaedic surgeons who went to America 
ast year cherish memories of their visit and will do so for the rest of their days. This year, 
ve in Britain have gained inestimable stimulus from the visit of surgeons from the North 
\merican continent. We have learned to know each other. Friendships, enduring friendships, 
iave been established. Long may they be encouraged. H. OSMOND-CLARKE. 
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SCOLIOSIS WITH PARAPLEGIA 


























K. G. McKeEnzi£ and F. P. DEwAr, TORONTO, CANADA 


From the Neurosurgical Division, and the Orthopaedic Division, of the 
Department of Surgery, Toronto General Hospital 


Our interest in the problem of scoliosis with paraplegia, excluding spinal deformities 
due to tuberculous disease, was aroused in 1925 when we operated on an eighteen-year-old 
youth who had severe scoliosis of the thoracic spine with motor and sensory involvement 
of the lower limbs and trunk (Fig. 1). After surgical decompression of the spinal cord there 
was striking improvement. This case was reported in 1927 and, since that time, four others 
have been added to our series: these five, together with reports of comparable cases in the 
literature, make up a total of forty-one cases now available for study. Most of these patients 
were males—which is odd, because orthopaedic surgeons are almost invariably impressed 
by the relative frequency of scoliosis in females. The deformity was always in the dorsal 
spine, and as a rule there was a marked kyphotic element. 

















J 
Tat Ww. 2b 
Fic. 1 Fic. 2 

Case 1. S.S. The dural sac as it was exposed at operation (Fig. 1). Herniation of the 
cord through the dural incision illustrates the importance of dividing the dura if pressure : 
on the cord is to be relieved (Fig. 2). : 
; 
In all but eight cases the onset of symptoms due to interference with the spinal cord 4 


occurred between the ages of twelve and nineteen years. Two patients were aged six years, 
and six were twenty to twenty-three years of age. With three exceptions, early evidence of 
cord damage heralded constant deterioration which usually terminated in profound motor 








and sensory loss but seldom in interference with sphincteric control. The level of cord Si 
damage nearly always corresponded to the apex of the deformity—a fact which was ri 
d 





demonstrated by intrathecal injection of lipiodol or pantopaque. 
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There is no record of the treatment of three patients, one of whom died; twenty-four 
were at some period treated conservatively (though ten were operated upon later); and, 
in all, twenty-four patients were operated upon. The most obviously successful results were 
gained by laminectomy, but in this group there were three post-operative deaths. 





Fic. 3 


Case 1. S.S. Clinical appearances of the patient in 1926. 





ade 


Fic. 4 Fic. 5 


Case 1. S.S. Clinical appearances (Fig. 3) and radiographic findings (Figs. 4 and 5) as recorded 
in 1926 when the patient was eighteen years of age. Severe kyphoscoliosis, probably of 
idiopathic type, measuring 109 degrees. The lipiodol block is just above the apex of the curve 
at the seventh dorsal level (Fig. 4). The curved lines shown in Fig. 5 mark the extent of the 
laminectomy, and the two silver clips indicate the point of maximal compression of the cord. 
After an interval of twenty-one years there has been no appreciable increase in the curve. 


The paucity of case reports of scoliosis with paraplegia, and the fact that surgeons who 
see many patients with severe scoliosis have never seen one with paraplegia, indicates the 
rarity of the syndrome. It seems clear that there must be some factor other than the 
deformity itself that accounts for paralysis. 
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Case 2. M.L. The patient is seen as a boy, aged fifteen years, in 1935 (Fig. 6); and as a man, 

aged twenty-seven years, in 1947 (Fig. 7). The antero-posterior radiograph (Fig. 8) taken in 1947, 

shows congenital deformities in both upper and lower dorsal regions of the spine. Laminographic 

studies of the greater deformity (antero-posterior projection in Fig. 9, and lateral projection in 

Fig. 10) show a hemivertebra which is outlined. The kyphosis measured 120 degrees and the block 
occurred at the apex. 





Fic. 11 12 


Fic. 


Case 5. C. F. Patient in 1947, aged twelve years, is seen in Fig. 11. The 

curve measured 80 degrees. Laminographic studies showed its congenital 

nature with a hemivertebra and extra rib (Fig. 12, inset). A myelogram 

showed the level of block at D.4 (Fig. 12) and strikingly exposed the very eccentric relation of the 

cord to the vertebral bodies caused by the rotation, and by the tight dural sac hugging the inner 
wall of the spinal canal. 
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The problem has been reviewed again for a number of reasons. 1) The operative findings 
in one patient were unique in our experience and, so far as we know, have not been described 
before (Case 3, Table I). In this unusual case a congenital band was stretched across the 
dural canal, and resection of the band cured the paralysis. This case will be presented in 
detail. 2) Since treating the first patient in 1925 we have operated on four others, and we 
: are now in a position to speak with more certainty regarding the long-term prognosis. 
. 3) Technical points of the operation deserve mention. 4) In previous reports there has been 
little discussion as to the type of scoliosis which may be associated with paralysis, whereas 
in our study this has been considered carefully. 5) It was hoped, by careful review not only 
»f our own cases but of others reported in the literature, that we might be able to determine 
the best method of handling these problems and elucidating their origin. 
































CLINICAL MATERIAL 


REPORT OF FIVE PATIENTS WITH SCOLIOSIS AND PARAPLEGIA 


























TABLE I 
D d | 
aa rs Pe ere ate and type | 
Case Neurological findings of operation | Result 
| 
Case 1 Almost complete paraplegia | waaiiaas No 1 
4 Ss. S. with marked sensory loss, April 13, 1925 | in Sak Mibdiien or sei 
y Male coming on gradually over a Dura left open 8 nee tt 8s, atin ae 
é 18 years period of two years | en eee 
F Unsteady, spastic gait 
ee developing for six months. ee . bee 
5 Ankle clonus and extensor : x Twelve years later, walks well; 
M. L. bse April 11, 1935 good strength. Slight increase 
response to plantar stimula- : : : 
4 Male ; A 2 <R Dura left open in knee reflex. Otherwise 
3 ee tion. No sensory disturb- i “ 
4 15 years pe Normal _ protein. normal neurological findings 
: Arrest of lipiodol at T.5 
; A SONNE ee 
4 
j 
j arely able valk. Ankle i 
4 B arely able to w alc ane Good. Six years after opera- 
4 Case 3 clonus. Up-going toes. | tion, walks several miles 
eo lees, Marked sensory diminution | 42 ry ; 
Rs ) / ‘f 
a R. W. ia taeees Minin aah Shemer April 15, 1941 without difficulty. _ No sensory 
a Male - k : Dura left open disturbance. Still some 
4 te ante trunk. Normal protein. iffiaaes of | ith cl 
i — Incomplete arrest of lipiodol | ’ aad ~~ ae con 
2 at area of greatestcurvature | | UP Bowe tes 
i Stiffness of feet—two | 
: —— months. Unable to walk— Noi 
ey six weeks. Only slight A t 8 1941 | , eee, Seven score 
Mais flicker of movement in feet; Neue uke Pa _ ec go ta gpa 
29 onal none in knees or _ hips. iat | ba as cn Hey rmed at 
_— Impaired sensation over — 
lower limbs and trunk 
Discharged, walking two 
| months after operation. Five 
Case 5 ; a ug months later able to run. 
EF. Profound paraplegia with | November 5, 1947 Excellent strength and _ co- 
: sensory loss coming on over | ace Bae ; : 
Female 2 : Dura left open | ordination in lower limbs. No 
9 a period of three months f ; 
12 years ankle clonus. Babinski 
negative. Sensation practically 
normal 
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Case 1—S. S.—The first patient was operated upon in 1925 and was reported in detail (McKenzie 1927). 
The clinical appearances, and radiographs of the spine, are seen in Figs. 3-5. The taut and narrowed 
dural canal, and the marked release of cord pressure when the dura was opened, are shown in Figs. 1 and 2 
Certain features of the operation which are believed to be important are discussed later (page 170). After 
operation there was rapid recovery from the motor paralysis and sensory disturbance which had progressed 
for two years and reached the point where the patient had been bedridden for two weeks. When he wa: 
re-examined in December 1947, twenty-two years after operation, there was normal muscle power in the 
lower limbs, no abnormality of reflexes, and no sensory disturbance: in fact, the neurological picture was 
so normal that this was quite evidently the best result in our series of five patients. 


Case 2—M. L., and Case 5—C. F. had operative findings comparable to those in Case 1. The essentia! 
points pertaining to these patients are shown in Table I. 


Case 4—E. I.—At the time of operation this patient with seoliosis and paraplegia showed no neurological 
signs above the level of spinal curvature. Four years later, lower motor neuron signs and sensory 
disturbance developed in the upper limbs. It was then found that he was suffering not from pressure 
paraplegia but from syringomyelia with congenital lesions of the cerebellar fossa—the Arnold-Chiari 
syndrome. The scoliosis was probably the result, and certainly not the cause, of the neurological lesion. 





Fic. 13 Fic. 14 


Case 4. E.I. A recent photograph shows the lower motor neuron atrophy above the scoliosis 
(Fig. 13). This atrophy, together with sensory disturbance, became apparent only four years 
after neurological signs had developed below the level of the scoliosis. An antero-posterior 
radiograph (Fig. 14) shows the nature of the curves. The age, at the time of onset of paraplegia, 
was twenty-five years; whereas the usual age of onset in this syndrome is in the neighbourhood 
of fifteen years. With our present knowledge we feel that a diagnosis of compression of the 
cord by a tight dura associated with scoliosis in a patient of twenty-five years, especially if 
accompanied by such a radiographic picture, would be unjustified and probably wrong. 


Case 3—R. W., is reported in detail because the cause of paraplegia was quite different from that of other 
patients in this series and other cases recorded in the literature. This sixteen-year-old boy was admitted 
to the Toronto General Hospital in August 1941. At the age of seven, while riding a toboggan, he hurt 
his back; but within a few days he was well. His birth and early development had been normal except 
that the left arm was always shorter than the right. Two years before admission it was noticed that his 
back was not straight; the right shoulder was more prominent than the left. There was no history to 
suggest infantile paralysis or any acute infection. 

Clinical Examination—There was a dorsal scoliosis, convex to the right (Figs. 15-17) with no weakness of 
the abdominal muscles which might suggest a paralytic origin. For no obvious reason the left humerus 
was two inches shorter than the right. Neurological findings—There was no weakness of any isolated group 
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Case 3. R.W. Photograph in 1947, at the age of 23 years. 
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Case 3. R. W. Photograph of the patient, at the age of twenty-three years, taken in 1947, 
shows that the scoliosis is not severe (Fig. 15). This is confirmed in the antero-posterior 
radiograph taken in the standing position at the age of sixteen years in 1941 (Fig. 16). 
The block to lipiodol occurred at the level of D.3, in the lesser curve, which is not in accord 
with the findings in typical cases. An antero-posterior radiograph taken in 1947 in the supine 
position (Fig. 17) shows that there has been no increase in the curves. Arrows point to 
silver clips which mark the cut extremities of the congenital band. 
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of muscles such as might be expected in poliomyelitis. There was a marked spastic paraplegia. He was jus 
able to get about with a stiff, shuffling gait which had come on gradually during the previous two or thre« 
months, and was first noticed in the right lower limb. There was general diminution of sensation over the« 
lower limbs and trunk, suggesting a lesion at about the second or third thoracic level, and precipitancy o 
urination. Radiographic examination—Comparison of radiographs taken at the age of sixteen years 
and again at twenty-three years, showed no change in measurement of the spinal curves. Neither wa 
marked: the left curve, extending from D.1 to D.4, measured 20 degrees; and the right curve, extendin; 
from D.4 to D.9, 30 degrees. There was no significant lumbar curve. A mild round-back was associatec 
with the scoliosis. Lipiodol myelography disclosed an incomplete block at D.3. The findings were 
compatible with idiopathic scoliosis. The case did not fall into the usual group because the deformity 
was not severe. Lipiodol was put into the cistern, and it trickled slowly past the area of scoliosis, showing 
that the block was not complete. Nevertheless, we were able to satisfy ourselves that there was a marked 
and prolonged hold-up at the level of the second or third thoracic vertebrae, thus fitting in with the 
neurological findings, 
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Case 3. R. W. Illustration of the congenital membrane crossing 

the dural canal from side to side and compressing it. Marks indicate 

the line of excision of the band which was necessary to relieve 

pressure on the cord. After excision, recovery of the paralysis was 

complete. It is possible that this band, of developmental origin, 
was the cause of the so-called idiopathic scoliosis. 


Operation—(K. G. McK.), August 15, 1941—The surgeon’s note, made immediately after operation, reads: 
“‘ Laminectomy was done in the suspected region. The extradural fat, instead of being soft and easily 
handled as it normally is, proved to be very tough and interspaced with firm fibrous bands; it was at least 
one-eighth of an inch in thickness. When this was dissected away, I was still confronted with an abnormal 
situation. There was a firm, extremely tight band of tissue stretched over the dural canal. Passing 
downwards, this band cut across the dural canal, to be anchored in the left lower part of the field. The 
band was about the thickness and consistency of dura; it was just as tight as a bow-string and undoubtedly 
was causing compression of the dural canal. Superficially, this membrane had some light attachment to 
the overlying extradural fat. Where it was adjacent to the dura it was easily dissected or separated— 
by that, I mean that it did not have any intimate connection with the dura, so that I think it is some 
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ort of congenital abnormality rather than inflammatory tissue. The membrane was firmly anchored 
ibove and below beyond the operative bone defect. ‘Fhis membrane was partly dissected out and I feel 
hat we have completely removed the pressure on the dural canal. Unfortunately, the specimen was lost, 
mnly the overlying extradural fat being saved for section. If, however, the patient does not do well, 
‘urther operation should be carried out higher up. The dura was not opened. Doctor Harris was called 
n to see this, as I had never seen anything like it before. We wondered if this abnormally tight band 
‘ould have produced the scoliosis. Two silver clips have been left in; they will show the upper and lower 
sxtent of removal of this band, and show its relationship to the scoliosis’ (Fig. 17). Pathological 
teport—The extradural fat showed no evidence of inflammation. Unfortunately the band which was 
yartly removed at operation was lost. 

“ollow-up Reports—Three weeks after operation the patient was discharged from hospital walking, with 
the sensory loss much improved. One year after operation—Still walking with a stiff gait. Able to stand 
on toes. Numbness gone from legs. No longer has precipitancy of urination. Gait still improving. 
Six years after operation—In good health, able to walk several miles without difficulty. Definite stiffness 
ind spasticity of the lower limbs, especially the right. All sensory disturbance has cleared up. There is 
bilateral clonus, more marked on the right; and bilateral extensor response to plantar stimulation. 
Subjectively the right leg is not as strong as the left, but each individual muscle group shows excellent 
strength: neither dorsi-flexion nor plantar-flexion of the ankle can be overcome by the resistance of the 
examiner. The residual neurological signs are presumably due to intrinsic damage to the spinal cord 
from prolonged interference with circulation, rather than to continued pressure. 


This case may represent no more than an unusual finding, not previously reported 
in the literature. On the other hand, it may be of importance if similar lesions are 
found in other cases of idiopathic scoliosis. Certainly the band was sufficiently strong and 
tight to have produced the scoliosis itself. We believe that it was a developmental 
abnormality—possibly a remnant of the outer layer of dura which, in the spinal canal, is 
normally separated from the inner layer comprising the spinal dural canal. At any rate we 
propose to look for such a lesion in a few cases of severe idiopathic scoliosis which are to be 
treated by spinal fusion with the object of preventing further progression of deformity. It 
is possible that in some patients, such a lesion may be the cause of “ idiopathic ’’ scoliosis. 


COMMENTS ON THE RADIOGRAPHIC FINDINGS 


Two facts became evident from our study of the radiographic findings in our own cases 
and those reported in the literature. Almost without exception the paraplegia was associated 
with severe deformity; and in patients who were examined by myelography there was clear 
evidence of compression of the cord near the apex of the curve. In earlier reported cases the 
etiology and type of scoliosis was often obscure, clinical description and radiographic 
reproduction being inadequate. Many were described as congenital even although there 
was no substantive evidence other than the early onset and the marked wedging of 
apical vertebrae. It seems probable, however, that most cases were in fact congenital in 
origin. The second largest group was probably idiopathic in the modern sense of the word. 
| few were attributable to infantile paralysis; some were associated with rickets; and two 
were examples of Von Recklinghausen’s neurofibromatosis involving bone. 

There is little or no connection between the liability of a case of scoliosis to develop 

araplegia and the origin of the scoliosis. What is more important is the severity of the curve, 
nd probably the rapidity of its development. 


COMMENTS ON OPERATIVE TREATMENT 


In nearly all patients the cause of paraplegia is compression of the spinal cord by the 
lura. This compression is relieved by opening the dura on the convex side of the curve. 
The dural opening should be sufficiently long to uncover the deep sub-arachnoid spaces 
ibove and below (usually three to six inches). This is important in order to avoid nipping 
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of the cord if it should swell after operation. The dura should be opened carefully so tha: 







vi) 
there will be no tearing of the arachnoid. If the arachnoid is opened, by mischance, pledget ; he 
of fibrin or gel-foam should be left over the area so that an accumulation of cerebro-spina ny 
fluid between the exposed cord and the overlying muscles may be prevented. In Case 1 c: he 















































this series, in which the best result was gained, not only was the dura opened but two tigh: F¥ 4 ¢ 
nerve roots were divided because it was thought that tension arising from them migh 


interfere with the circulation of the cord. For the same reason, it may sometimes be wise tv |“@ : 
cut several dentate ligaments. On several occasions we have felt that adequate decompression |@ | .,1 
necessitated lateral cuts, as well as a longitudinal cut in the dura. Occasionally it may no: |@ , ,, 
be necessary to open the dura at all (as in Case 3 of this series—in which the compressioi: tw 
was due to an extradural band). s 


The results of operative treatment—Of the forty-one cases that have been studied 
twenty-four were treated by laminectomy—five of our own patients, and nineteen reportec 




















by others. Three patients died: two died within a few hours of operation, the exact cause = 
of death being uncertain; one died several weeks after operation from decubitus ulceration | dus 
and cellulitis. Fifteen patients who were traced for more than seven months after operation |@ j,. 
made a recovery that could be classified as good or excellent; three gained only slight | @ one 
improvement ; and three were not improved at all. The six poor results warrant further study. |” weal 
(i) Case reported in this series (Case 4—E. I., Table I)—At operation there was some doubt | oni 
as to whether the dura was tight enough to be causing cord pressure. Later, an ascending |@ j;. 
lesion of the cord proved to be due to syringomyelia associated with herniation of the | oii 
cerebellar tonsils (Arnold-Chiari syndrome). 

(ii) Case reported by Elmslie (1925)—A fourteen-year-old boy had neurological symptoms of De 
two years’ duration. When the dura was opened it was apparent that the cord was squeezed lite 
in the usual manner. Recovery was slow and the patient was just beginning to walk at the the 
end of one year. In view of the long duration of symptoms, delayed and incomplete recovery Ru 
might have been expected. oF 
(iii) Case reported by Grobelski (1932)—In this patient, kyphoscoliosis was first associated wit 
with symptoms referable to the cord at the age of four to six years. Progress was arrested for 
by conservative treatment which was continued over a long period of time. Nevertheless wit 
complete freedom of walking was never restored. At the age of ten years, cord symptoms yea 
became prominent once more and the patient was bedridden in a few weeks. Every type of con 
conservative treatment was again tried and continued for three years. Finally, at the age lan 
of thirteen years, laminectomy was performed. The dura was very tight, and the cord was 

flattened and pale. Two years later the condition was unchanged. This patient had been 
profoundly paraplegic for three years before operation. It must be concluded that, when 

definite neurological signs develop, decompression of the cord should not be delayed. 

(iv) Case reported by Heuyer (1944)—In a thirteen-year-old patient with cord symptoms of tra 
only three months’ duration, deformity due to Von Recklinghausen’s disease was short and fF doc 
sharp. The dura was tight, and the cord was pale and thin. No improvement was noted in sou 
the year after operation. In this case there was no record of examination by myelography i cle 
and it is possible that an extradural neurofibroma, elsewhere than at the site of operation, Boa 
was missed. It is also possible, however, in view of the pallid nature of the cord, that extreme for 
pressure had produced irreversible damage. s §6tha 
(v) Case reported by Ruhlin and Albert (1941—Case 3)—This was a patient, aged twenty-one [FF ..it 
years, with cord involvement of nine months’ duration and marked dorso-lumbar kypho- ‘ 
scoliosis. After conservative treatment for twelve weeks, with some improvement, laminectomy ir 
and decompression of the cord was complicated by the development of a post-operative .e 
haematoma which had to be evacuated. Three years later there was no improvement. This un 
case illustrates the importance, when the dura is opened and the spinal cord left exposed, of er 
arresting all haemorrhage and leaving the operative field dry. ir 
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vi) Case reported by Ruhlin and Albert (1941—Case 4)—This case was also complicated by 
he formation of a post-operative haematoma “requiring evacuation, again illustrating the 
nportance of a dry field when the cord is exposed. If a haematoma is suspected, because 
he neurological signs increase after operation, immediate exploration should be undertaken 
nh: []% ©. order to prevent sustained pressure on the cord. 

, ie Of the fifteen patients that did well the dura was left openin thirteen. Recovery was complete 
* .. five; and in eight cases, despite residual spasticity, there was no complaint and the patients 
2 alked well. It is reasonable to believe that irreversible changes in the cord occur with less 
{ equency if operation is performed soon after the first appearance of neurological signs. In 
two cases there was no reason to open the dura because the cause of obstruction was apparent 
|@ --in one, a congenital band (Case 3, Table I); and in the other, a bone outgrowth, removal 
|| {which was followed by recovery (Heyman 1937). 

The benefit gained from operation was clearly due to release of tension on the spinal 
cord by opening the dural sac. It was usually noted that the cord herniated through the 
dural slit, and often that there was return of pulsation in the cord which previously had 
been absent. Eleven of the patients with good results have been traced for more than 
» one year after operation. In the three cases of decompression reported in this series, which 
’- | were traced for twenty-two years, twelve years, and seven years respectively, the improve- 
| ment gained from operation was maintained and there was no evidence of recurrent symptoms. 
& |@ It would seem that if decompression of the cord is successful, the long-term prognosis is 
assured. 














































{ | % Decompression combined with spinal fusion—In only two cases reported in the 
| | literature was spinal fusion performed some months after decompression, presumably because 
e there was fear of increased deformity and recurrence of cord symptoms (Heyman 1937, 
y | @ Ruhlin and Albert 1941). Such fear, however, is not substantiated by long-term results in 
} our own cases and others reported in the literature. Spinal fusion should not be combined 
| with decompression at the initial operation because it increases the likelihood of haematoma 
| formation. Moreover, since the good results of simple decompression have been lasting, 


S with no recognisable increase in deformity even when cases have been observed for many 
S years, we believe that spinal fusion is seldom indicated even at a later date. We would 
f consider such a procedure only if there was definite evidence of increasing paralysis despite 


» laminectomy; and this does not appear to be the usual consequence of the operation. 


COMMENTS ON CONSERVATIVE TREATMENT 


Twenty-four patients were treated conservatively for varying periods: twenty-three by 
| |) traction and the application of plaster jackets and corsets; and one by spinal fusion without 
| 1) decompression of the cord. In the case of spinal fusion the cord symptoms increased despite 
sound consolidation of bone (Ruhlin and Albert 1941). Of all the cases treated conservatively 
eleven were improved; in one there was temporary arrest in the progress of paralysis; and 
in twelve there was no change at all. Of the eleven cases which improved, six were traced 
for eleven months or longer, and in five the clinical records are sufficiently complete to show 
that the late-result was good or excellent. Of the twelve failures, ten were explored later 
with good results in eight, a poor result in one, and death in one. 
’ It is unfortunate that better records are not available in cases treated conservatively, 
’r we find ourselves unable to make adequate comparison with operative methods. There 
ems to be no doubt that in five cases there was remarkable improvement, and so far as we 
in tell the improvement was maintained. It is to be noted, however, that relatively long 
erlods of treatment were zecessary: in one instance there was no evidence of improvement 
i two months (Kleinberg 1923) and since we know that prolonged cord pressure may cause 
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permanent impairment of function, the treatment is perhaps dangerous unless there is 
evidence of recovery soon after treatment is started. It was the lack of early response th it 
prompted surgeons to perform laminectomy in ten cases which failed to show improveme it 
after conservative treatment. Furthermore, if paraplegia is not due to dural pressure, reli >f 
cannot be expected from conservative treatment, and this applies to the third case in tl is 
series where there was a congenital band (R. W., Table I), and to the case reported by Heym: n 
(1937) where the pressure was due to a spur of bone. 

In view of the facts: that in skilled hands decompression of the cord is not a dangero is 
procedure ; that there is often constricting pressure due to a tight dura, a congenital band, >r 
a spur of bone; and that sustained compression of the cord may lead to irreversible chang >s 
causing permanent loss of function: we must conclude that early laminectomy is advisat le 
and that it should not be delayed too long. 


COMMENTS AS TO THE CAUSE OF PARAPLEGIA ; 


Study of twenty-four cases treated by operation shows that, with the exception of |~ 
three (bone block, congenital band, and syringomyelia), the cause of paraplegia was tlie |~ 
combination of a tightly stretched dura and a sharply angulated spinal canal, the point of | 
maximal pressure by the dura being localised at the angle of the spinal canal. That the cord | 7 
itself is not under longitudinal tension is borne out by the ready escape which may be 
observed at operation through the linear release incision made in the dura. If then the cord i. 
is in fact compressed, which is established not only by the findings at many operations but 
also at two autopsies (Valentin and Putschar 1932, Thomas, Sorrel, and Sorrel-Derjerine | 7 
1933) the compression must be from the tightness of the dural sac. The sac is attached more 
firmly to the foramen magnum above, and the sacrum below, than it is to the sides of the 
spinal canal by its prolongations on the nerve roots. If it is taut, it will resist the tendency 
of the spinal cord to be displaced from a straight line by deformity, thus explaining localisation 
of the lesion to the apex of the curve. The lumen of the dural sac must be narrowed still 
further by rotational displacement. 

It may be that in all cases of severe scoliosis there is some longitudinal dural tension, 
a degree that is usually insufficient to cause symptoms but is ready nevertheless to | 
respond to anything which might tip the scales. This was suggested by Jaroschy (1928) 
who demonstrated by intrathecal lipiodol an incomplete block at the apex of the curve in 










































two patients whose scoliosis was not associated with paraplegia. It is corroborated in the 
case reported by Grobelski (1932)—a young patient, in whom neurological symptoms first 
appeared at the age of six years: progress in the neurological symptoms was arrested by 
conservative treatment, and over a period of four years there was neither improvement nor } | 
deterioration; at the age of ten years distortion of the spinal column increased rapidly and 






















was accompanied by increased difficulty in walking; within a few weeks paraplegia was 
complete. 

It seems probable that in these rare cases of scoliosis with paraplegia the exciting cause 
which precipitates paralysis is the rapid growth of the spinal column together with the 
inability of a tight dura to accommodate itself to such growth. In all but six of the forty-one 
cases that have been reported, the age at which there was recognition of abnormal neurological 
signs corresponded to the years of most rapid growth. One exception is explained by the 
final diagnosis of syringomyelia (Case 4, this series) ; and, in a second case, doubt may be cast 
on the validity of diagnosis because the cord symptoms showed many remissions and no 
steady progress (Roger and Schacter 1940). In the few cases in which paraplegia first developed 
in later years, after growth had ceased, the precipitating cause is obscure; but some ligt 
may perhaps be thrown on this matter by future observations at operation and autopsy. 
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is SUMMARY 

it Five cases of scoliosis with paraplegia are reported, and thirty-six comparable cases 
it ‘om the literature are reviewed. These forty-one cases have been studied with the object 
az f determining the etiology of scoliosis, the reason why cord compression sometimes 
1S 


‘velops, and the results of conservative and operative treatment of such compression 
1 @ ‘ the cord. 


The cause of paraplegia is nearly always compression of the spinal cord by the dura, 


7 = hich, in severe scoliosis, is under longitudinal tension because of its firm attachment to 
. ie foramen magnum above and the sacrum below. Such tension, resisting displacement 
: ' the spinal cord from the straight line, may be shown to cause incomplete spinal block 
le «ven when there is no paralysis. 
When paralysis occurs it usually develops during the years of most rapid growth, the 
ght dura being unable to accommodate itself to the rate of growth of the spinal column; 
cord compression is probably increased by narrowing of the dural sac by rotational 
cisplacement. 
f | « The most striking results have been secured by laminectomy with section of the dura 
ie | and sometimes division of dentate ligaments and tight nerve roots. After such division 
yf |) there is evidence of release of compression: the cord herniates through the dural slit; and 
wd spinal pulsation returns. 
be 5. It is important to control bleeding in order to avoid post-operative compression by 


rd | | blood clot; and to prevent leakage of cerebro-spinal fluid through the arachnoid. 
uit | § 6. Itis unwise to perform spinal fusion at the same time as decompression because it increases 
ine |} the danger of haematoma formation. Moreover the improvement gained by decompression 


ore | | is maintained even if no fusion of the spine is performed. 

the 7. Conservative treatment of scoliosis with paraplegia should not be continued for long 
wey | periods unless there is evidence of early and progressive improvement because prolonged 
ion |} compression causes irreversible changes in the cord. 

till 


8. In three cases, paraplegia was not due to dural compression: one turned out later to be 
a case of syringomyelia; one, reported by Heyman, was due to the pressure of a bone spur; 





pm and one, reported in this series, was due to a congenital tight band of developmental origin 
which might have caused the scoliosis as well as the paralysis, and in which, after resection 
28) ; of the band, recovery from the paralysis was complete. 
In 1 
the | 7 
rst ba DISCUSSION 
by Dr Arthur Steindler (Iowa City, lowa)—This series of cases of paraplegia in scoliosis is a valuable 
nor | ind most welcome addition to our knowledge. As the speakers have indicated, earlier reports of this 
nd complication were indeed scarce. Since the first description by Mauclaire in 1913, and the report by 
Ridlon in 1916, there are hardly two score cases on record. From our clinic in Iowa City, Rublin and 
Was \lbert reported seven cases, five being treated by laminectomy. Our oldest observation goes back to 
1915, and it concerned a boy, aged ten years, with a severe dorso-lumbar curve and a marked degree of 
use rotatory deformity. Spastic paraplegia was progressive and it did not yield to conservative treatment 
the |) though temporary improvement was gained by traction. Laminectomy was refused. Another case, 
ane treated by fusion alone without laminectomy, likewise showed no improvement in the degree of paralysis 
though the fusion remained solid. Of the five cases that were dealt with by laminectomy after unsuccessful 
ical conservative treatment, one died shortly after operation from pneumonia, and the other four were greatly 
the improved or recovered completely. 
vast The pathological findings were of interest. Case 1 (H. C.) had a pulsating cord with no direct pressure, 
no but there was distinct tension on the cord due to kinking. One month after operation there was clinical 
ped improvement in sensory findings and no abnormality of reflexes. Case 2 (J.. S.\—There was a question 
of neurofibromatosis. Laminectomy from the seventh cervical to the sixth dorsal level showed a pulsating 
git cord but with a definite kink. After operation all symptoms were exaggerated but improvement began 
y. three months later, including improvement in bowel and bladder function. Case 3 (M. L.)—Severe right 
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thoracic curve. Laminectomy from thjrd to seventh thoracic vertebrae; distinct kink at fifth; rapid 
improvement; complete recovery after three months. Case 5 (C. N.)—Severe left cervico-thoracic curve. 
Laminectomy fourth cervical to fifth dorsal vertebrae; pulsation absent but returned after decompression ; 
severe kink at apex. Under observation,for more than two years; marked improvement but not complete 
recovery. 

The most interesting feature in the series reported by Dr McKenzie and Dr Dewar is the finding of 
a congenital band in one case. This conforms with the observation that most of these cases of scoliosis 
are of the congenital type. One wonders if the mechanical factor alone is responsible, or whether congenital 
anomalies have anything to do with the production of paralysis. So far as the pathomechanics are 
concerned, we believe that torsion of the cord is a more important cause of ischaemia than direct 
compression. How much distortion will the cord tolerate? And why does paralysis appear so seldom 
in severe scoliosis? In our series it developed in less than 0-3 per cent. of cases. Many questions remain 
unanswered. But the careful study of the authors’ cases has furnished an important contribution to our 
knowledge and I deem it a privilege to be permitted to discuss their paper. 
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POLYOSTOTIC FIBROUS DYSPLASIA—ALBRIGHT’S SYNDROME 


A Review of the Literature and Report of Four Male Cases, Two of 
which were associated with Precocious Puberty 


C. K. WARRICK, NEWCASTLE UPON TYNE, ENGLAND 
From the Department of Radiology, Royal Victoria Infirmary, Newcastle upon Tyne 


Polyostotic fibrous dysplasia is a rare disease of the skeleton. Despite much speculation 
the etiology remains obscure. At this stage of our understanding of the disease, which is of 
interest to physicians, pediatricians, radiologists and orthopaedic surgeons, it is desirable 
that a detailed record of new examples should be made as they arise. 


NOMENCLATURE 


Lichtenstein (1938) introduced the term polyostotic fibrous dysplasia to designate “a 
skeletal developmental abnormality affecting one, several, or many bones with a predominantly 
unilateral distribution.”” Reports of similar cases had occurred before, but under a bewildering 
variety of titles. 

Some cases, with widespread skeletal lesions, also show other changes. Albright, Butler, 
Hampton, and Smith (1937) described the association of predominantly unilateral skeletal 
changes with pigmentation of the skin, and with precocious puberty in females. This syndrome 
now bears Albright’s name. The first recorded case appears to be that of Weil (1922). 
Recently Dockerty, Ghormley, Kennedy and Pugh (1945) analysed thirty-three cases from 
the literature and added six of their own. 


CLINICAL FEATURES 


The condition is a disorder of childhood which becomes arrested in adult life. The sexes 
are affected equally. The expectation of life is not diminished, but deformities and patho- 
logical fractures are common. In addition to the features which characterise Albright’s 
syndrome, polyostotic fibrous dysplasia may be associated with other endocrine changes. 
Enlargement of the thyroid gland was found in five of twenty-five cases extracted from the 
literature of the previous decade by Falconer and Cope (1942); two of these had thyro- 
toxicosis. These authors also reported two cases of widespread bone disease with non-toxic 
enlargement of the thyroid gland and some manifestations of acromegaly. Peck and Sage 
(1944) reported a case in which there was toxic goitre with acromegaly, and diabetes mellitus 
from which the patient died. 

In addition to endocrine changes, certain congenital abnormalities have been observed, 
but their association may be fortuitous. Stauffer (1941) described a case with arteriovenous 
ineurisms. Osgood (1946) reported a patient in whom the dysplasia co-existed with 
ssteopoikilosis but other manifestations of Albright’s syndrome were not present. Two cases 
ire on record in which the osseous dysplasia was accompanied by multiple soft tissue tumours. 
Jehlinger (1940) recorded the case of a man who died at the age of sixty-seven and had 
uffered, since childhood, from widespread fibrous dysplasia of the skeleton with multiple 
soft tissue tumours of similar histological appearances to those of the affected bones. 

Sexual precocity in the male has seldom been observed; indeed as recently as 1947, 
30gart and Imler stated that precocious puberty was limited to female cases. Lange (1938), 
ind Falconer and Cope (1942), reported precocious puberty in two boys aged eight and ten 
ears respectively. Two of the four cases reported in this article, all of which were males, 
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developed secondary sex characters during the first decade. In contrast to sexual precocity 
is the case of Moehlig and Schreiber (1940) where a boy of sixteen with multiple bone lesions 
had no beard, or axillary hair; he had pubic hair of female distribution, and a puerile voice. ; 


RADIOGRAPHIC APPEARANCES 


Radiographic features of the dysplasia consist of multiple localised lesions with normal 
bone elsewhere. According to the distribution of the affected bones the disease may be 
monostotic, monomelic, unilateral, or bilateral. The vertebral column is seldom affected. 
Areas of rarefaction and expansion are often found which, in the radiographs, resemble true 
cysts. The affected bones show a “ ground glass’ appearance in which homogeneous areas 
of increased or decreased density are present with thinning of the overlying cortex. The 
epiphyses are seldom affected, and then only after union with the shaft. Fusion may, however, 
occur prematurely. The base of the skull often shows enormous hypertrophy of dense bone 
which may obliterate the nasal sinuses and compress the cranial nerves. Great thickening 
of the calvarium, often resembling the changes of Paget’s disease and especially when 
involving the base of the skull, may present a striking feature which is of diagnostic importance. 
In some bones there-is only slight coarsening of trabeculation, but it is reasonable to suppose 
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CASE CASE 2 CASE3 


Fic. 1 


Diagrams to show the distribution of skeletal lesions, as disclosed by radiographs, 
in a male patient aged twenty-five years, a boy aged eleven years, and a boy aged 
thirteen years. 


that in these questionable areas the pathological process is not yet so advanced as to have 
established radiological evidence. Albright et al. (1937) drew attention to similarity between 
the radiographic appearances of fibrous dysplasia and healing parathyroid osteodystrophy 
after parathyroidectomy. 





PATHOLOGY 


. The skeletal changes have been described by Albright e¢ al. (1937), Uehlinger (1940) 
Lichtenstein and Jaffe (1942), and Falconer and Cope (1942). Uehlinger stated that the 
marrow spaces are the site of proliferation of relatively avascular and acellular fibrous tissue 
which leads to expansion and thinning of the cortex. The long bones and the neighbouring 
bones of the limb girdles are most often affected and the ‘“‘ shepherd’s crook ”’ of the femu 
—a coxa vara deformity—is characteristic. The disease affects primarily the diaphysis: it is 
exceptional for the epiphyses to be affected. True cysts, giant-cell tumours, inflammatory 
changes, and neoplastic changes, do not occur. The base of the skull and the bones of the vault 
are often the site of gross changes which have recently been described by Windholz (1947 
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in a paper in which the relationship between fibrous dysplasia and leontiasis ossia is discussed. 
Blood chemistry—No constant changes are found in the blood chemistry other than elevation 
of the alkaline phosphatase if the bone changes are widespread. 


ETIOLOGY 

The etiology of the skeletal and extraskeletal changes is not understood. The most 
recent comprehensive surveys of current ideas are to be found in the monographs of Furst 
and Shapiro (1943), Falconer and Cope (1942), and Dockerty e¢ al. (1945). Falconer and 
Cope suggested that the association with polyostotic fibrous dysplasia of endocrine dis- 
turbance and cutaneous pigmentation was one of independent variables; and that the 
distinction between the dysplasia on the one hand, and Albright’s syndrome on the other, 
was one of degree. They believe that a common etiological basis must exist because the 
features of Albright’s syndrome occur with such frequency in cases showing disseminated 
bone lesions. It is generally accepted that the disease must be due to a disturbance of 
undifferentiated mesenchyme in early embryonic life. Heredity appears to play no part. 
The only convincing example of a familial incidence was that of Hirsch (1929) where three 
siblings were affected. Several cases have been described in which icterus gravis neonatorum 
had occurred (Braid 1939), but these constitute a very small proportion of the recorded cases 
and it seems unlikely that the association is of significance. 


DIFFERENTIAL DIAGNOSIS 

Polyostotic fibrous dysplasia may be confused with hyperparathyroidism, Paget’s 
disease, Ollier’s disease, osteogenesis imperfecta tarda, and the lipoid reticuloses. In 
monostotic cases a number of other conditions will have to be considered, amongst which 
are neurofibromatosis and osteoclastoma. 
Hyperparathyroidism is characterised by general skeletal decalcification and typical changes 
in the blood calcium and phosphorus levels, high alkaline phosphatase, and increased excretion 
of calcium. 
Paget's disease is rare under the age of forty years and is usually associated with thickening 
of cortical bone. The only close resemblance with fibrous dysplasia is in the changes which 
occur in the calvarium. 
Ollier’s disease (skeletal enchondromatosis) shows sharply defined lesions in the cartilage 
bones which are usually short with broad and irregular metaphyses. 
Xanthomatosis and Gaucher's disease are likely to present other stigmata such as the 
manifestations of Hans-Schiiller-Christian’s syndrome in the first disease, and splenomegaly 
in the other, with characteristic appearances in the marrow film obtained by sternal puncture. 
Osteogenesis imperfecta tarda may resemble fibrous dysplasia in the history of repeated 
fractures and in the ground-glass appearance of the bones in radiographs. It differs in that 
there may be a family history of the condition; the bones are usually slender and often 
decalcified; the manifestations in the skull are different; and the vertebral bodies are 


flattened. 
TREATMENT AND PROGNOSIS 


Polyostotic fibrous dysplasia does not reduce the expectation of life. Fresh lesions cease 
to appear when maturity is reached. No medicinal therapy has been found to have any 
effect upon the disease, and treatment is necessarily limited to the management of fractures 


and deformities. 
CASE REPORTS 


Case 1. J. M., barber, aged twenty-five years (Figs. 1-8), had walked with a limp since the age of 
eight. He sustained a pathological fracture of the left femur when aged eleven. At intervals, since then, he 
has suffered fractures of the right femur, left radius, left ulna and left humerus. At the age of thirteen 
his voice broke and secondary sex characteristics appeared. There was no history of icterus neonatorum 
and no relevant family history. 
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Fic. 2 Fic. 3 









Case 1. There is deformity of the right upper and lower jaws, and palpable bosses above the 
hairline (Fig. 2). The right mandible is expanded and shows mottled areas of rarefaction and sclerosis. 





Fic. 4 


Case 1. There is much thickening of the parietal bones and hyperostosis of the base of the skull. 
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On examination he exhibits marked facial asymmetry and deformity of the left mandible (Fig. 2). 
There is a patch of brown pigmentation in the lumbar region. The left leg is shorter than the right. 
There are visible and palpable irregularities of the ribs. He has a large “‘ cyst’’ in the right humerus 
which is fractured in two places (Fig. 7), but, despite this, he is able to continue his work with no support 
for the limb. 





wens 





Fic. 5 Fic. 6 Fic. 7 
Case 1. The right humerus at the age of eleven years (Fig. 5). At the age of fourteen years a 
fracture of the upper shaft of the bone was sustained (Fig. 6). At the present time the patient 
is aged twenty-five years, and despite the fact that two fractures have now been sustained, 
and that the bone shows very extensive ‘‘cystic’’ changes and expansion of the shaft, no 
external support is needed and the patient continues his work as a barber (Fig. 7). 


Blood chemistry (November 1947): 


Calcium : ‘ 3 ; ; : : ; . 9-0 mgm. per 100 c.c. 
Phosphorus. . ; ; : ‘ : : ‘ . 2-2 mgm. per 100 c.c. 
Urea... ; : ; , ‘ ‘ . 43 mgm. per 100 c.c. 
Alkaline phosphatase , : : ‘ ; 17-4 units (Jenner and Kay) 
Urea concentration test . , ; ; ‘ ‘ P . 3-55 per cent 
Urea clearance test ? ‘ 80 per cent. of normal 


Radiographic appearances—The distetbution of prerere selina is shown in the diagram (Fig. 1). The 
skull shows gross changes in the calvarium which simulate Paget’s disease (Fig. 4), and marked hypertrophy 
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of the base, the mastoid processes and the sphenoid bone. The bones show a typical “‘ ground glass ”’ 
appearance but there are many “ cystic’’ areas in the ribs, the right humerus, and the right femur. The 
“shepherd’s crook”’ deformity of the right femur developed between 1934 and 1936 (Fig. 8). Gross 
changes in the right humerus have occurred in the last ten years (Figs. 5-7). 

Comment—This case exhibits bone changes typical of polyostotic fibrous dysplasia, and there 
is a patch of cutaneous pigmentation, but the third stigma of Albright’s syndrome—sexual 
precocity—is lacking. 





Fic. 8 
Case 1. Hip joint and upper shaft of the femur at the present time 
(patient aged twenty-five years). There is a typical ‘‘ shepherd’s crook ”’ or 
coxa vara deformity. 


Case 2. J. M., schoolboy, aged eleven years, has since the age of three years sustained three fractures 
of the left tibia and fibula, a fracture of both femora, and a fracture of the left radius and ulna. Two years 


ago a ‘‘ cyst ’’ of the left femur was curetted and bone chips were inserted. Since birth he has had a patch 
of brown pigmentation over the posterior aspect of the right shoulder and arm. At the age of eight years 


his voice broke and pubic hair appeared. There is no history of icterus neonatorum and no relevant family 
history. On examination he appears older than his years. His height is 5 feet 11 inches; and weight 
just over 7 stones (99 pounds). There is prominence of the left frontal and parietal regions. The thyroid 
gland is not enlarged. The genitalia appear to be mature. His physical appearance is shown in Fig. 9. 
Blood chemistry: Calcium, 10-9 mgm. per 100 c.c. Phosphorus, 3-3 mgm. per 100 c.c. Alkaline 
phosphatase, 51-0 units (Jenner and Kay). Urea, 35-0 mgm. per 100 c.c. 

Radiographic appearances—The distribution of skeletal lesions is shown in the diagram (Fig. 1). The 


““ 


affected bones are irregularly expanded and show a “ ground glass ”’ appearance as well as “‘ cystic ’’ areas 
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The epiphyses of his elbows suggest some precocity since fusion of the capitellum and trochlea with the 
humeral shaft is almost complete. The skull exhibits great thickening of the left parietal and both mastoid 
regions; the left halves of the middle and anterior cranial fossae show similar gross changes and the sphenoid 
sinus is obliterated (Fig. 10). The left ethmoid and maxilla are also involved. The left femoral neck 





Fic. 9 


Case 2. Physical appearance of the boy, aged eleven years. Puberty 
occurred at eight years of age. 
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Fic. 10 
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| Case 2. Lateral radiograph of the skull shows the enormous hyperostosis of the base. 


j and upper part of the shaft are “cystic’’ but although there is a symptomless pathological fracture 
there is not yet coxa vara deformity. In this case, the insertion of bone chips does not seem to have led 


to ossification of the abnormal area. 


Comment—This case presents a typical radiological picture of polyostotic fibrous dysplasia 
and the bone changes are also associated with cutaneous pigmentation and precocious puberty. 
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Case 3. A. T., schoolboy, aged thirteen years, was admitted with a fracture of the shaft of the left 
femur sustained while boxing. There was no history of previous fractures but since the age of seven, 
cramp-like pain has been felt occasionally in the left thigh. There is no history of icterus neonatorum 
and no relevant family history. On examination he is a small healthy looking boy, height 4 feet 10 inches, 
weight 5$ stone (77 pounds). There is extensive pigmentation of the right leg, thigh, and buttock. 
Secondary sex characteristics have not yet appeared. 


Blood chemistry: 


Calcium a ; : , ; ‘ ; ; . 10-7 mgm. per 100 c.c. 
Phosphorus " : ; , : : : ; 3-2 mgm. per 100 c.c. 
Alkaline phosphatase ‘ ; 25-7 units (Jenner and Kay) 
Urea clearance test : é : 43 per cent. repeat=59 per cent. of normal 
Urea concentration test : . 2-76 per cent. repeat=2-9 per cent. of normal 
Calcium balance test . ‘ . : ; ; ; : : Normal 


The tests suggested some impairment of renal function but there was no albuminuria, and intravenous 
pyelography showed no abnormality. 
Radiographic appearances—The distribution of the lesions is shown in the diagram (Fig. 1). They consist 
almost entirely of areas of expansion where the cortex is thin, and the normal architecture is replaced by 
the structureless “ ground glass’ appearance. The skull is unaffected. There is mild coxa vara deformity 
of the left femoral neck where little normal bone is visible; but on the right side there is a bridge of norma! 
bone in this position and no coxa vara. Most of the affected bones show uniform increase in breadth. 


Comment—This case shows widespread skeletal involvement, bilateral in distribution, with 
cutaneous pigmentation but no other apparent abnormalities. 


Case 4. T. W., male, aged sixteen years—aAt the age of three months pigmentation of the buttocks 
and right thigh was noticed and at five years of age facial deformity became evident. In 1942, when he 
was ten, he was examined by Dr Court who observed that the skull and face were large and deformed, 
the hands and feet large, and the size of the right upper limb greater than that of the left. There was 
sexual and skeletal precocity. His genitalia were pubescent and he was tall for his age. 


Blood chemistry (1942)— 


Serum calcium : : é : 2 : ; . 10-4 mgm. per cent. 
Serum phosphorus. . . : : : : : . 3-3 mgm. per cent. 
Blood urea ; ; * . : ; ’ : : 21 mgm. per cent. 
Urea clearance : ; : . ; : ; . 145 per cent. normal. 
Plasma cholesterol . ; : ‘ : ; : . 119 mgm. per cent. 
Alkaline phosphatase : : : , : : : : . 43 units 
Urine : ° : : : : . ; ; ; . . Normal 
Glucose tolerance test : ; : ° ; : : ; . Normal 
Blood W.R. and Kahn tests ; . _ . : : ° . Negative 


Rh positive (in 1944). 


Ophthalmological examination—Normal. 


Radiographic appearances (1948)—The left fourth and seventh ribs are abnormal in shape and structure, 
showing no differentiation between the cortex and medulla, and no trabeculation. The base of the skull 
shows marked hyperostosis. The squamous part of the occipital bone is expanded, and the maxillae are 
so grossly affected that the antra are almost completely obliterated. The mandible is expanded, especially 
on the left side, and normal trabeculation is replaced by the homogeneous “‘ ground glass ’’ appearance of 
fibrous dysplasia. No convincing changes are seen in the rest of the skeleton. 


Comment—tThis case shows characteristic bone changes affecting the skull and two ribs. Nv 
“cysts ’”’ are present in any bones. The skeletal precocity is perhaps evidence of endocrin” 
disturbance, and the presence of a large area of pigmentation affords additional evidence bv 
which to support the diagnosis of Albright’s syndrome. (This patient has been under th 
care of Dr Court for four years and has been investigated by Dr Donald Hunter who 
established the diagnosis of Albright’s syndrome.) 
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POLYOSTOTIC FIBROUS DYSPLASIA—ALBRIGHT’S SYNDROME 


SUMMARY 
1. Four cases of polyostotic fibrous dysplasia are presented. 

2. All are males, all show cutaneous pigmentation, and in two there has been precocious 
puberty. 

3. The literature has been reviewed, and present conceptions of the pathology and etiology 
of the disease have been discussed. 

4. The dysplasia if often confused with parathyroid osteodystrophy and sometimes the 
parathyroid glands are needlessly explored. This confusion should not arise if it is 
remembered that no general skeletal decalcification, and no constant changes in the blood 
calcium or phosphorus, occur in polyostotic fibrous dysplasia. The radiographic appearances 
of healing parathyroid osteodystrophy are, however, indistinguishable. 

5. No effective therapy has been discovered for this disease. Pathological fractures and 
deformities may require treatment. 


[ must express my thanks to Professor Nattrass, Mr Gordon Irwin, and Mr Jones, of tiie Royal Victoria 
Infirmary, Newcastle upon Tyne; and to Mr Reid of Middlesbrough, for permission to publish these cases. 
[ have also to thank Dr Donald Court for much helpful criticism, the staff of the Hospital for Sick Children 
for the opportunity to study radiographs of Case 4, and Mr E. Forster for his help in the preparation of 
illustrations. 
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TYPES OF DISPLACEMENT IN FRACTURES OF THE 
FEMORAL NECK 









































and Observations on Impaction of Fractures 
Per Linton, GAVLE, SWEDEN 
From the Service of the Central Hospital, Gdavle 


In fractures of the femoral neck there may be displacement of different types accounting 
for the well recognised abduction and adduction fractures with valgus and varus displacemen‘ 
(Nystrém 1938). Between these types there is a transitional form that was describec 
by Waldenstrém (1924) as the “ fracture impacted in adduction ”’ and by this author a 
‘the intermediary type ” (Linton 1944). The title intermediary fracture, which was intende 
to emphasize the mid-position of displacement between abduction and adduction, has beer 
criticised because the term “ medial fracture ’”’ has already passed into general use as a1 
indication of the level of injury in the femoral neck, a medial fracture being the equivalen 
of an intracapsular fracture. In the German language intermediary fractures would be 


English. This type of displacement is of great significance, and insufficient attention has been 
paid to it in the literature. The fact that it does indeed exist calls for emphasis. 
Figure | illustrates the displacements in five fractures of the femoral neck. It is evident, 


described suitably as Ubergangsfrakturen, but it is difficult to find a comparable term in 


from this manner of presentation, that they form a graduated series. All radiographs inthe fF, x. 
upper row have been taken in the frontal plane and they range from the first, which shows pl 
no displacement, to the second which shows valgus displacement, the third which shows 
the intermediary position, the fourth in which there is an incipient varus position, and finally 
to the fifth in which there is such varus displacement that the fragments have slipped apart. 
An increasing degree of outward rotation of the femoral shaft is evident in the progressive 
prominence of the lesser trochanter. The lateral projections, illustrated in the lower 
row, show clearly how this recurvation has increased steadily as we progress from 
the first to the fifth type. These radiographs, selected from different patients, and showing 
in each case the primary displacement, illustrate different stages in the displacing movement 
beginning with a valgus position and passing, under increasing recurvation, into a varus position. 

In adduction fractures the fragments are not actually in varus relationship to each other. 
The fact is that the peripheral fragment is rotated outwards, round the longitudinal axis of 
the femur, while the neck is directed forwards so that the femoral head lies on its posterior 
aspect. This is shown in Fig. 2. All outlines in the upper row show the femoral shaft in an 
unchanged position; displacement of the femoral head occurs progressively backwards and 
downwards on the posterior aspect of the neck. This dislocating movement is the same as in 
Fig. 1, though the projection of the pictures is different. Thus, neither the term “‘ adduction 
fracture,” nor “‘ varus fracture,” can be considered adequate if it is intended to denote the 
mutual position of the fragments. 

In a review of 323 fractures of the femoral neck in which the direction of original 
displacement was known and analysed by this writer (Linton 1944), forty-seven wers FP Ty 
abduction fractures (14-6 per cent.), twenty-eight were intermediary fractures (8-6 per cent.), Fin 
and two hundred and forty-eight were adduction fractures (76-8 per cent.). That these thre: FP of 
types of fractures, each with different displacement, were due to different types of injury i; 4 if 
often assumed, and if we are to judge from the literature such a conception is widel\ Ir 
entertained. Nevertheless, it is probably incorrect and the assumption has been made too Ff inj 
readily. In support of this contention, which was first discussed in the author’s article 0° 
1944, certain observations may now be made. 
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TYPES OF DISPLACEMENT IN FRACTURES OF THE FEMORAL NECK 





Fic. 1 


Radiographs of a series of fractures of the femoral neck (the upper row frontal plane, the lower row lateral 

plane), the first two representing “ abduction fractures,”’ the third an “‘ intermediary fracture,’ and the last 

two “adduction fractures.”’ In fact, each represents an increasing degree of displacement arising from the 
same type of injury. 











Fic. 2 


Progressive displacement of the fragments during the dislocating movement. 


Type of injury causing fracture of the femoral neck—It is often believed that differences 
in the position of the bone fragments as disclosed by radiography are due to different forms 
f injury. But other factors than the direction of force may play a part—namely the degree 
f violence and the degree of resistance of the skeleton. It is quite conceivable that valgus 
4 varus relationships of the fragments may be attributable much more to the violence of 
injury, and the degree of resistance of the skeleton, than to the direction of the force of injury. 

It is recognised that a direct blow to the hip joint may cause any of the fractures that 
have been described, and that after such injury the frequency of the various types of 
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displacement is the same as in the whole series. In other words, the type of displacement 
does not depend necessarily on the direction or type of violence. 

Moreover it is difficult to believe that serious displacement of the fragments should 
depend essentially on the application of lateral rotation strain. When a patient falls on 
his hip joint, it is more than likely that the limb will be flexed at the knee joint so that 
rotation strains may not be transmitted to the hip. Nor, in such circumstances, does the 
position of the pelvis undergo any noteworthy change by which the trunk would be rotated 
more constantly in one direction than another. The explanation should be sought in the 
capacity of the femoral head to move in the acetabulum in response to compression by the 
posterior corticalis of the femoral neck. It seems probable that the pelvis and shaft of the 
femur maintain their mutual relationship, and that displacement of the fragments arises 
solely by reason of rotation of the ball-shaped central fragment of the femur. The fact that 
the limb lies in lateral rotation when the patient is admitted to hospital is a secondary 
consequence; and it does not follow that such displacement indicates the type or direction 





Fic. 3 Fic. 4 
A fracture of the femoral neck appeared to be a simple ‘‘ abduction ’’ fracture with 
impaction (Fig. 3). Ht was treated without fixation in recumbency, and while under 
observation displacement developed. It became a typical “‘ adduction ’’ fracture (Fig. 4). 


of the initial violence. The terms abduction and adduction fracture, or the equivalent terms 
valgus or varus fracture, cannot be regarded as suitable. 


Changes in the type of displacement of femoral neck fractures—Certain abduction 
fractures, while under observation, have changed in their position and thereafter shown the 
typical displacement of adduction fractures (Figs. 3 and 4). It is thus evident that one type of 
fracture may pass readily into the other. Moreover, adduction fractures, at the time of 
reposition, pass through all the stages shown in Fig. 1 though in the reverse direction. Some 
patients have been admitted to hospital with a history of being able to move the limb 
actively, and even to walk for several days after injury, who suddenly complained of 
increased pain and loss of ability to walk. On admission there has been evidence of a fracture 
of the adduction type which would not permit easy walking or active movement. It 
must be assumed that these were cases of abduction or “‘ intermediary ”’ fractures in which 
displacement increased and thereafter became of the adduction type. 
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Study of a specimen of intermediary fracture of the femoral neck—The post-mortem specimen of 
an intermediary fracture in which there was good contact between the femoral head and neck 
shows that two fragments were broken from the corticalis without being displaced (Fig. 5). 
Study of this specimen leaves little doubt that the violence must have ceased at that moment, 
and that incipient displacement of the fragments was never completed. Such breaking of 
the posterior corticalis of the femoral neck may, conceivably, take place in many cases but 
pronounced displacement occurs only when splintering and comminution is still more 
complete. Perhaps this splintered part, which often takes the shape of an inlet in the 
posterior region of the neck, might be described as a passage delved by the head in the course 
f displacement of the fragments. 

Mean age of patients with abduction, intermediary, and adduction fractures of the 
femoral neck—The mean age of patients who sustain abduction and intermediary fractures 
is lower than that of patients who sustain adduction fractures. The difference is fairly marked, 
and it is statistically significant. This must be interpreted in terms of the greater power of 
skeletal resistance at younger ages so that at these ages the degree of displacement is arrested 
at an earlier stage. 



































Fic. 5 
Post-mortem specimen of intermediary fracture of the femoral neck. By radiographic 
examination this might have. been classified as an abduction type of fracture; but there is 
no impaction and it is clear that this represents no more than one stage of movement 
terminating in the characteristic displacement of an adduction fracture. 


Relative stability of abduction and intermediary fractures of the femoral neck—In 
abduction fractures the position is usually stable, and the degree of displacement does not 
increase after the initial injury has been sustained. On the other hand, intermediary fractures 


are less stable; and this is in accord with the thesis that is being put forward. In intermediary 
fractures the degree of injury is greater than in abduction fractures, and it is not surprising 
f that displacement should often increase until the typical appearance of an adduction fracture 
f is reproduced. Intermediary fractures are therefore seldom seen; they accounted for no more 


, than 8-6 per cent. of this series of 323 fractures of the femoral neck. 

Summary—In summing up it may be said that various displacements in fractures of the 
femoral neck are in fact due to the same injury, and that different types of fracture are due 
to different degrees of displacement. The displacing movement begins with the femoral head 
in slight abduction or valgus, and it ends when the head is on the posterior aspect of the 
femoral neck in adduction or varus; the displacements are the consequence of a single rotatory 
novement of the head. 
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THE TRUE SIGNIFICANCE OF SO-CALLED IMPACTION OF FRACTURES 


Returning to Figure | we see that a series of fractures of the femoral neck with increasin; 
displacement appears to show impaction in the first three cases and failure of impaction in th: 
last two. The question that arises is why the first three types of fracture should ever hav: 
been considered to be “‘ impacted.”’ There is, of course, overlap of shadows in the radiograph 
—the appearance described by Nicole (1939) as Konturtiberschneidung. It is often assume 
that such radiographic appearances indicate impaction, with hitching of the corticalis int 
the spongiosa at one or several places. But this is probably untrue. In general, such ai 
appearance indicates no more than close contact 
between the fragments with limited breaking of 
bone tissue in one region, so that there is exact 
correspondence between displacement and com- 


Fic. 6 
Radiographic examination of the same case as in Fig. 5 
would suggest that this is an impacted abduction fracture 
of the femoral neck (Fig. 6). An X-ray of the post-mortem 
specimen in one projection appears to support this (Fig. 7), 
but in another projection it is obvious that there is no 
impaction (Fig. 8). 

pression. These three factors — displacement, 
compression, and contact, are intimately con- 
nected; but the primary factor is displacement. 

There is much to be said in favour of the 
assumption that impaction, in the sense of interlocking of the fragments, does not exist. 
A valgus fracture of the femoral neck with so-called impaction may be displaced by the 


Fic. 8 


simple process of inserting a three-flanged nail. In the specimen shown in Figure 5 there is 
obviously no real impaction despite the radiographic appearances that suggest it. This 3s 
confirmed in the illustrations of the same case, Figures 6 to 8. It is often assumed, becaus * 
a patient can move his limb actively without pain, or even walk on it, that there is impactior ; 
but this is to jump to a conclusion—and it may well be that the explanation lies in th> 
fact that displacement is not yet sufficient to cause loss of stability. 
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The assumption that there is impaction depends usually on close contact between the 
f agments, moderate compression of bone tissue, and reasonable stability in response to 
p 1ysiological demands—all these depending on the fact that the degree of displacement was 
inited by the resistance of the bone in relation to the degree of injury. The so-called 
‘impacted fracture ’’ differs from no other fracture; it is sustained in the usual manner— 
) it there is some degree of stability because displacement is limited and there is compression 

bone tissue with contact between the fragments. In short, an impacted fracture is no more 
/an the first stage in a movement which, if it continues, will give rise to a more 
splaced fracture. 

So-called ‘‘ impaction ’’ may also be observed in fractures at the upper end of the 
humerus, lower end of the radius, upper and lower ends of the tibia, and in the vertebral 
bodies. Limitation of displacement in fractures near the ends of long bones is often due to 
mobility of the adjacent joint—there is no long lever and, within certain limits, the articular 
fragment can follow movements of the longer fragment. Since displacement is limited, the 
characteristics attributed to ‘‘ impaction ”’ are reproduced. 

Such fractures have in common the possibility of treatment with minimal external 
fixation, or even with early mobilisation and weight-bearing. But it should be borne in mind 
that an ‘‘impacted”’ stable fracture with but little displacement, after perhaps an 
unnecessary reposition, can develop into a labile fracture which presents great difficulty in 
maintenance of reduction (Linton 1940). 


SUMMARY 


1. Various types of fracture of the femoral neck represent different stages of one and the 
same displacing movement. 

2. The displacement first produces an “abduction fracture’’ and terminates in an 
“adduction fracture,’ passing through the stage of an “ intermediary fracture ’’ which is 


less well recognised. 


3. These three types of fracture occur in response to the same injury and they differ only 
in the degree of displacement. 


4. It is a mistake to believe that in 
to the collum : it lies posteriorly. 


‘adduction fractures ’”’ the femoral head lies medially 


5. “Impaction’”’ is no more than the first stage of displacement of fractures in which 
there is limited displacement, with contact still maintained between the fragments. 

6. An “impacted fracture ’’ is not necessarily stable—if there is additional strain it may 
progress to the next stage of a displaced and unstable fracture. 

7. These principles apply not only to fractures of the femoral neck but to all other fractures 
at the ends of long bones. 
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THE TREATMENT OF TROCHANTERIC FRACTURES OF THE FEMUE. 
E. MERVYN EVANS, BIRMINGHAM, ENGLAND 
From the Birmingham Accident Hospital * 


The study of trochanteric fractures of the femur has received less attention in thi; 
country than elsewhere. Conservative treatment has generally been accepted as the onl’ 
rational treatment and, since the age groups are high, a mortality rate in the neighbourhoo:| 
of one in five has been regarded as almost inevitable. It is true of course that, if the patien: 
survives, trochanteric fractures do well: non-union is hardly mentioned in the literature; 
avascular necrosis never occurs; and the only complication to be expected with any frequenc ” 
is coxa vara deformity. But the problem is not primarily one of union of a fracture, or cf 
function after union; it is one of preservation of life and general health in aged people whos: 
fracture is but an incident in their general decline, and of combining humane and efficien: 
care with conservation of hospital accommodation. 

In order to compare the merits of conservative and operative treatment we must study 
the results not only in patients that are treated in hospital but also in those that are sent 
home because there is a shortage of hospital beds. If it can be shown that home treatment is 
unsatisfactory, either as regards the general comfort of the patient or the expectation of life, 
then any treatment that lessens the average length of stay in hospital, and thus increases 
the number of beds available, must be considered seriously. For these reasons three groups 
of cases have been studied, namely: one hundred and one cases treated conservatively in 
hospital; twenty-two cases treated by operative fixation of the fracture with a nail-plate; 
and twenty-five cases sent home because of shortage of hospital beds. 


TYPES OF TROCHANTERIC FRACTURE 


Classifications of trochanteric fractures in standard text-books are based upon the level 
of the fracture—basal, pertrochanteric, transtrochanteric, and intertrochanteric—descriptions 
that have never been clear and are of no practical value. Trochanteric fractures vary from 
the simple to the highly complex. Some give rise to little or no difficulty ; some can be coaxed 
into good position with reasonable certainty that the position will remain good; while in 
others deformity is inevitable. A classification that laid emphasis chiefly on the stability or 
instability of the fracture would be of value both in considering prognosis and in deciding 
the degree of mobility of the patient that is permissible. Such a classification, illustrated in 
Figure 1, is based upon study of the radiographs of one hundred and one fractures treated 
conservatively at the Birmingham Accident Hospital between the years 1941 and 1948. It 
became clear that the only deformity to be expected with any frequency was coxa vara, 
and that this occurred in approximately 20 per cent. of cases. 

It is true of fractures in general that, when there is cortical instability on one side, the 
fracture tends to collapse in that direction no matter whether the instability is due to cortical 
overlap or cortical destruction. Colles’ fracture with destruction of cortical bone on the 
dorsal surface of the radius is a good example. In the neck of the femur the bone is strongest 
along the calcar femorale where the greatest strain is thrown by the forces of gravity and 
muscle action, which tend to diminish the angle of the neck on the shaft. After a fracture 
in this neighbourhood, cortical bone around the calcar femorale may remain in apposition; 
with adequate immobilisation the fracture will not then collapse. But when the cortical 
bone is overlapping, or when it is comminuted in such a way as to form a gap on the inne* 
side, there is no resistance to collapse and coxa vara deformity is to be expected. This i 





* Read at the Annual Meeting of the British Orthopaedic Association in Belfast, October 1948. 
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yorne out in practice. In the series now under review, coxa vara developed only in cases with 
sortical overlap or cortical destruction in the region of the calcar femorale; and furthermore, 


when cortical overlap was corrected during reduction the fracture became stable. 


In the suggested classification, trochanteric fractures are divided into two main types 
lepending upon the general direction of the fracture. Type 1 fractures are those in which 
he fracture line runs upwards and outwards from the region of the lesser trochanter, and 
here are four subdivisions. In the first group, comprising 65 per cent. of all cases, the inner 
ortical buttress has never been ‘disturbed, there is no displacement, and the fracture unites 


TROCHANTERIC FRACTURES 





TYPE 1 
Undisplaced 
STABLE 
72 A o ay Cy Displaced 
v he but reduced 
saa 5 
pots i 
14%, ( ee q not reduce 
C\Q S) Comminuted 
UNSTABLE} 6% a] — G 
28 ‘Ve 
TYPE 2 
Reversed 
obliquity 





Fic. 1 


Classification of the two types of trochanteric fractures into stable 
and unstable groups. 


' perfect position. In the second group, simple overlap of the inner cortical buttress can be 


educed by manipulation and the fracture thus becomes stable. In the third and fourth 


Troups there is unreduced overlap, or destruction, of this cortical buttress and coxa vara 


eformity is to be expected. 

Type 2 fractures, occurring only in 8 per cent. of the patients in this series, are those 
1 which the line of fracture is the reverse of that usually found, corresponding roughly with 
he line of a McMurray osteotomy. There is a marked tendency to inward displacement of 
he femoral shaft but this does not affect the ultimate function. Figures 2 to 9 illustrate 
‘ype 1 and 2 fractures and their subgroups. 
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Fic. 2 





Fic. 3 


Trochanteric fracture, Type 1, group 1 (Fig. 2). The inner cortical buttress is intact and 
there is no displacement. The fracture is stable and will not displace (Fig. 3). 





Fic. 4 Fic. 5 


Trochanteric fracture, Type 1, group 2 (Fig. 4). Overlap of the inner cortical buttress has 
been reduced so that the fracture became stable and united without displacement (Fig. 5). 


Stable Varieties of Type 1 Trochanteric Fracture 
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Fic. 6 Fic. 


Trochanteric fracture, Type 1, group 3. Trochanteric fracture, Type 1, group 4. 
Overlap of the inner cortical buttress was The inner cortical buttress was destroyed 
never completely reduced. The fracture by comminution and the unstable fracture 
was unstable and united with coxa vara united with coxa vara deformity. 


deformity. 


Unstable Varieties of Type 1 Trochanteric Fracture 





Fic. 8 Fic. 9 
Trochanteric fracture, Type 2. The main fracture line runs upwards and inwards through the 
femoral shaft in the same plane as that of a McMurray osteotomy. 


Type 2 Trochanteric Fracture 
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COMPARISON OF THE METHODS OF TREATMENT OF TROCHANTERIC FRACTURES 


Conservative treatment in hospital—Table I summarises the results in 101 patients witl 
trochanteric fractures treated conservatively in hospital. In most of them, the method o 
treatment was balanced traction in a Thomas’ splint, weight being applied to a Kirschne 
wire through the upper end of the tibia. In sixteen cases a walking caliper was then used i 
an attempt to limit coxa vara deformity—an attempt that was usually unsuccessful. Th: 
average age was 622 years (youngest 14 years, oldest 91 years). Fifteen patients died directly 
or indirectly from their accident. 


TABLE I 
SUMMARY OF 101 TROCHANTERIC FRACTURES TREATED CONSERVATIVELY IN 
THE BIRMINGHAM ACCIDENT HosPITAL, 1941-48 








Method of treatment- 

Traction in Thomas’ splint ; : : ; : , : 81 

Traction followed by caliper ; . é ; F 3 : 16 

Plaster spica 2 

Bed rest Z 
Average age. : : : ; : ; : ‘ ; . 62-2 years (14-91 years) 
Deaths . : : : : : : : ‘ ; : ; 15=15 pei cent. 
Length of stay in hospital (survivors) ‘ : ; ; ; ‘ 15 weeks (6-36) 
Residual deformity (survivors) — 

Coxa vara : : : : ‘ : ; 18=21 per cent. 

Medial displacement of femoral shaft " : ‘ : 7 per cent. 

Upward and backward displaceme: nt of femoral shaft ; : : 3 per cent. 








The mortality rate of 15 per cent. compares favourably with that of other series of cases 
reported in the literature; but in one respect this series is not strictly unselected. It is true 
that we have always admitted every patient with a trochanteric fracture if there was an 
empty bed; but when there was no empty bed there have been occasions when one was made 
available by hurriedly discharging someone else if the patient with a trochanteric fracture 
was a relatively good “ surgical risk,” but not if the patient was very old and feeble. That 
this was so is shown by the age incidence of patients referred home for treatment because of 
shortage of hospital beds during part of the same period (1945-47). There were twenty-five 
such patients with an average age of seventy-seven years and a mortality rate of 44 per cent. 

Two other figures in Table I are of interest—the average length of stay in hospital of 
fifteen weeks, and the incidence of coxa vara deformity of 21 per cent. Other deformities 
were infrequent, though it should be noted that inward displacement of the femoral shaft 
occurred in seven of the eight Type 2 fractures. 

TABLE II 


SUMMARY OF TWENTY-TWo UNSELECTED TROCHANTERIC FRACTURES TREATED BY 
FIXATION WITH CAPENER-NEUFELD NAIL-PLATE 





Average age . = : : : : : . ; ; 66-7 years (32-90 years) 
Deaths... ; eae Ni z 
Average length of stay in bed (two cases excluded) . ‘ : 4-2 weeks (2 days—12 weeks) | 
Average length of stay in hospital (three cases excluded) . : 7 weeks (3-16 weeks) a 
Union in good position . : ; . : , ‘ ‘ 18 | 
| 
Union with coxa vara deformity . ‘ ; : ; ‘ 4 } 








Operative treatment in hospital—Table II is the summary of a series of twenty-two case: 
treated by fixation with Capener-Neufeld nail-plates. This series is strictly unselected 
Three of the patients were operated upon in 1945 but the others form a continuous series 0 
more recent origin during which time no patients were referred home for treatment nor wer« 
any denied operation because of poor general condition. In some, the general condition wa: 
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very poor indeed but we believe that the risks of operating are less than the risks of 
conservative treatment. This may seem unreasonable, but it should be remembered that the 
very old patients who usually sustain this injury tolerate pain and immobility badly; their 
mental state is often precarious; and they are quick to develop bedsores or pulmonary 
complications. We believe that they should be treated as surgical emergencies and that the 
older and the more feeble the patient the more urgent is the need for operation. One case 
history is quoted as an example. 

A. T., aged 80 years—Admitted on September 29, 1948, having fallen on his right hip the night 
before. He had sustained a severely comminuted Type 1 fracture and there was extensive bruising around 
the hip. His general condition was excellent and he was taken to the theatre the same afternoon with the 
intention of inserting a nail-plate. It proved difficult to secure good reduction and in view of the 
satisfactory general condition it was decided to treat the fracture conservatively by traction. Forty-eight 
hours later there was serious deterioration in his condition; he was irrational and he spent most of the 
irst night trying to insert both his legs into one Thomas’ splint. Bruising around the hip had become 
very marked indeed and basal pneumonia had developed. In the opinion of the anaesthetist his condition 
was desperate and with continued traction he was not expected to survive the week-end. The only hope 
seemed to be to relieve his discomfort and make him more mobile by internal fixation. The fracture was 
nailed on October 1, 1948. From that moment he began to improve and by the sixth day was afebrile, 
rational, and sitting up for several hours in a chair. He was discharged home on October 26, 1948. 

All patients in the reported series were operated upon more than three months ago. 
The average age was 66°7 years (32 to 90 years). There were no deaths. Since the series 
closed, forty-three more patients have been treated in this manner (with four deaths) but 
sufficient time has not yet elapsed to include them; the overall average age has risen to 
75 years. All fractures in the series united—eighteen in good position and four with coxavara. 
It will be noted that this incidence of coxa vara deformity corresponds roughly with that 
occurring after conservative treatment. The point is important because it should not be 
thought that internal fixation without external protection will always prevent deformity. 
The strong forces inherent in the muscles around the hip joint are even greater than the 
strength of the nail, as there are many cases to show (Fig. 13). In this, as in certain other 
fractures, it is even doubtful whether it is desirable to make any attempt to prevent the 
bones collapsing if the nature of the fracture is such as to demand it. 

It has been our practice to get patients out of bed as soon as possible after operation 
and, with experience, the length of stay in bed has become shorter, so that we now have them 
up in a chair within two or three days and usually teach them to walk on crutches within 
fourteen days. The average figure of 4:2 weeks in bed is high because, at first, all patients 
were kept in bed for several weeks and these early cases raised the average. Moreover, three 
patients were treated in traction after operation, two because they had combined trochanteric 
and subtrochanteric shaft fractures and the third because of insecure nailing. The two cases 
excluded from this average had been bedridden for two years before the accident and naturally 
remained so. The average length of stay in hospital was influenced by the same factors. In 
present practice the length of stay in an uncomplicated case is in the neighbourhood of four 





weeks. 
INDICATIONS FOR OPERATIVE TREATMENT 

From consideration of the results of conservative and operative treatment it seems 
clear that a case can be made for operative fixation of these fractures as a routine treatment. 
If any exception is to be made it is not in the older age groups, for in these patients operation 
is a life-saving measure; it is in younger patients that something may be said for continuous 
traction, particularly if there is a contra-indication to operation. Patients under the age of 
sixty years tolerate prolonged immobilisation well; but even in the young, the comfort and 
mobility of the patient, and the economic factor of length of stay in hospital, should usually 
outweigh reluctance to operate on a closed fracture. Our reasons for advocating open fixation 
as a routine in trochanteric fractures may thus be summarised: 1) greater comfort and 
increased mobility; 2) economy of beds; 3) lowered mortality. 
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Fic. 10 Fic. 11 







Lateral radiographs both before and after nailing show that there is cortical overlap on the 

inner side of the calcar femorale (inset Fig. 10). The angulation at the fracture site is 

now recognised as due to internal rotation deformity. The fracture united with coxa vara 
deformity, the nail having cut upwards in the bone (Fig. 11). 








Fic. 12 Fic. 13 


In the antero-posterior radiograph this appears to be an example of perfect nailing (Fig. 12). 
There was good reduction and the nail was placed low with good penetration; no weight- 
bearing was permitted. But the lateral view shows cortical overlap (inset Fig. 12) and the 
fracture united with coxa vara, the nail having broken (Fig. 13). 
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A case history illustrates the way in which open fixation stabilises the fracture and 
allows comparative freedom in dealing with the complications that must be expected 
from time to time in old patients. 

E. C., aged 83 years—Admitted on August 20, 1948, having sustained a trochanteric fracture of the 
right femur the previous day. The fracture was treated by open fixation with a Capener-Neufeld nail-plate 
on the day of admission. The next day she was very comfortable, moving about freely in bed. She sat 
out of bed for an hour on the second day. On the third day she complained of abdominal pain; during 
the next forty-eight hours her condition deteriorated. The abdomen became distended; bowel sounds 
disappeared and the pulse rate rose. There was tenderness in the left iliac fossa. Inquiry from relatives 
elicited a history of similar attacks over a number of years. A diagnosis was made of large gut obstruction, 
probably due to diverticulitis. Transverse colostomy was performed on August 31, 1948. Pus was 
found in the peritoneal cavity. She improved during the next few days, but later developed signs of a 
pelvic abscess which was drained per rectum. After this she improved steadily. She was allowed up 
again on September 21, 1948, and was discharged home on October 4, 1948, none the worse for her 
adventures except for the annoyance of a colostomy. She was able to get in and out of bed herself and 
spent much of the day sitting in a chair. She was a frail old lady and no attempt was made to get her 
up on crutches, but the fracture united in perfect position and she regained a full range of hip and knee 
movement. 

MORTALITY 

No matter how trochanteric fractures are treated a certain mortality is to be expected. 
In a patient over the age of eighty years such an injury throws a great strain on resources 
that are already failing. ‘‘ Some wounds are mortal’’ and the older the patient the more 
heavily are the scales weighted against her. Nevertheless, in the series here reported, in 
which the fracture was treated conservatively, deaths occurred for the most part some weeks 
after injury and were due to the comparative immobility that is essential to continuous 
traction. Bedsores, chest complications and mental deterioration were usually the deciding 
factors. Operative treatment does away with this immobility: in theory one would expect 
a lowered mortality; and this is borne out in practice. 


TABLE III 
TROCHANTERIC FRACTURES—A Summary of Mortality Rates reported in the Literature 











AntHOE Number of | Average Mortality per cent. 
cases age | Conservative Operative 
Leydig and Brookes 302 ___ 39-3 
Taylor et al. 1940 108 20:3 
Wilson 62 | 24:3 
Key 214 66 38 
Bartels 40 70 | 25 
Siler and Caldwell 103 30-1 
ies , f "38 78 34 
Cleveland et al. \ 95 75 z 126 
e j 49 | 39 
Norton \ 5] joan % . ‘in 
. | 164 ah mi 2a 
Harmon \ x | aes (| 
om { lis" _ ire | 25:4 
Taylor et al. 1944 \ oo arias 216 
O’Brien e¢ al. 1035° 2 OG 21-4 
Morris 28 ; Te 21-4 
Aronsson 30 : | 10 
Mean mortality rate per cent. a : 33-7 fae 
54—83 deaths | | “ 





Table III is a summary of the mortality figures in apparently comparable series of 
cases reported in the literature. There can be no doubt as to the difference—1,194 cases 
treated conservatively with 403 deaths; 454 cases treated operatively with 83 deaths—that 
is to say the average mortality from conservative treatment was 33°7 per cent. as opposed 
to the average mortality from operative treatment of 18°3 per cent. 
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14 
Occasionally a good position may be maintained by a nail-plate despite cortical overlap (Fig. 14). 
But this cannot be relied upon. It is interesting to note, three years later, how perfect is the 
reconstruction of the calcar femorale. 


Fic. Fic. 15 











Fic. 16 Fic. 17 


An unstable trochanteric fracture (Type 1, group 3) nailed in the position of deformity. The 
radiograph shown in Fig. 17 was taken immediately after operation. There cannot be further collapse 
and no great strain will therefore be thrown upon the nail-plate. 
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TABLE IV 
COMPARISON OF THREE METHODS OF TREATMENT OF TROCHANTERIC FRACTURES 





























| Number of | Average Time in Mortality 

cases age hospital Mortality 
No beds available— 

| Discharged home . A : : 25 77 — 44 per cent. 

| Conservative treatment ies ee - 

Birmingham Accident Hospital . 101 62-2 15 weeks 15 per cent. 

; Operative treatment— | "a 

| Capener-Neufeld nail-plate : 22 66-5 7 weeks Nil 





Table IV summarises the results in the 148 cases under review. The numbers in the 
first and third series are small; and the mortality figure of nil in the nail-plate series 
is, of course, fortuitous; but the general picture seems clear. The mortality for cases treated 
at home is undoubtedly very high; and it is clear that the shorter the average length of stay 
in hospital the more patients we shall be able to treat, so that the two factors of mortality 
and length of stay in hospital are closely related. In short, the operative treatment of this 
fracture may be expected to reduce the length of stay in hospital by half, and to lower the 
mortality. More important, perhaps, the old lady is more comfortable and more mobile after 
operation, and the incidence of stiffness of the knee and hip joints is markedly diminished. 








Fic. 18 
This photograph of a patient with a trochanteric fracture treated by operative internal 
fixation with a Capener-Neufeld nail-plate, was taken within twenty-four hours of operation. 
The patient is obviously comfortable and happy and there is a good range of movement of 
the hip and knee joints. 


OPERATIVE TREATMENT OF TROCHANTERIC FRACTURES 
The operation is little more upsetting to the patient than the insertion of a Smith- 
Petersen nail and it should be completed within forty-five minutes. After omnopon 
premedication we have used pentothal and gas and oxygen anaesthesia.. A blood transfusion 
of one to two pints is started just before the operation. 
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The technique of the nailing procedure, and the prognosis as regards stability afte: 
nailing, depend upon the condition of the inner cortical buttress. Overlap of cortical bone 
may be visible only in the lateral view but unless this can be reduced coxa vari 
deformity is to be expected. Figures 10 and 11 illustrate a fracture that was nailed without 
correction of cortical overlap. In the antero-posterior view the fracture appears stable but the 
lateral views, both before and after nailing, showed cortical overlap and the fracture unite 
with coxa vara deformity—on this occasion by the nail cutting upwards in the femoral neck. 
In such a case if the nail cannot cut upwards it will usually bend. Figure 12 shows a post- 
operative radiograph which in the antero-posterior view appears perfect—a low nail witl 
good penetration and an apparently stable reduction. The lateral view, however, show: 
cortical overlap. Coxa vara developed, this time with bending, and later breaking, of the nai 
(Fig. 13). Figures 14 and 15 show that a nail-plate can occasionally hold the comparatively 
unstable fracture in good position, but such a result is not to be relied upon. If there is gros: 


4 overiAP IN A-P VIEW 


2 OVERLAP IN LATERAL View 


ae ial 


Antr® 


3 DESTRUCTION OF CORTICAL BUTTRESS 


—> 


Fic. 19 
Trochanteric fractures of the femur. Diagrams illustrating the importance of the 
medial cortical buttress in the development of coxa vara deformity. 


cortical insufficiency on the inner side the fracture will almost certainly collapse, and no force, 
whether applied internally or externally, will prevent it. In order to avoid the possibility 
of a nail-plate cutting out or breaking before union has taken place we now aim, in comminuted 
and unstable displaced types of fracture, to fix the fragments in the position of deformity 
(Figs. 16 and 17). 

As was pointed out by Morris (1941), these fractures need to be held in the neutral or 
externally rotated position. Internal rotation separates the fracture surfaces and angulates 
the fragments. Occasionally the limb must be held in considerable external rotation in order 
to maintain good reduction in the lateral plane; this makes the operation awkward but it 
overcomes the technical difficulty of trying to insert a nail when there is angular deformity 
in the lateral plane. Flexion during the reduction, and particularly extreme flexion as in 
the Leadbetter manoeuvre, is to be avoided. If, after initial reduction, radiographs in 
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Fic. 20 Fic. 21 


Director devised to assist the insertion of a nail into the femoral neck in such an axis that the 
plate will lie in accurate contact with the femoral shaft (Fig. 20). A radiograph of the instrument 
shows the series of parallel guide-wire channels (Fig. 21); the distance between each pair is 
exactly equal to that between the V of the nail and the topmost hole of the plate so that two 
wires can be introduced and the nail-plate be driven over them. The angle can be adjusted to 
conform with the angle of the most suitable nail-plate. There is a cross-pin at the base of the 
instrument, which is inserted into a }-inch drill-hole in the shaft of the femur in order to steady it. 


Fic. 22 Fic. 23 


The director is in position and the first guide-wire has been driven in (Fig. 22). After confirming the 

position in antero-posterior and lateral radiographs the second wire is inserted, and the nail-plate is then 

introduced (Fig. 23). The plate automatically lies in accurate contact with the femoral shaft and four 
screws are then introduced, engaging both cortices of the shaft. 
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both planes show that the fracture is of the unstable type, the traction should be reducec 





and the shaft fragment be pushed inwards and upwards, and then be nailed in this position in 

We have used the Capener-Neufeld nail-plate because it is very strong, particularly a‘ ” 

its angle, and it is obtainable in three angles and four lengths to suit all types of patient 4 

The only difficulty in its insertion is placing the nail in the neck of the femur in such a positiot sh 

that when it is hammered home the plate lies parallel with the shaft. It is not easy to do thi 
by eye alone and the author has therefore designed a director with a series of parallel guide 
wire channels, the angle of which may be set to correspond with the angle of the nail-plat« 
chosen (Figs. 20-23). When satisfactory reduction of the fracture has been obtained, a1 

estimate of the best of the three angles of nail is made by holding the nails against a radiograpl! ¥ 

of the reduced fracture and the director is then set accordingly. The distance between eacl a 

channel in the director is the same as that between the V of the nail-plate and the topmost : 
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Fic. 24 Fic. 25 ( 

A stable trochanteric fracture (Fig. 24) in which weight-bearing was encouraged a few days | 


after internal fixation with a Capener-Neufeld nail-plate. Union took place in perfect 
position (Fig. 25). 
hole, so that two guide wires may be inserted, accurately spaced, for the introduction of the 
nail. The cross-pin at the base of the instrument fits into a }-inch drill-hole in the lateral 
femoral cortex and steadies it during the operation. 

In estimation of the length of nail it should be borne in mind that if there is gradual 
collapse and absorption of bone at the fracture site the nail-plate cannot be extruded, as can 
a Smith-Petersen nail, but is forced nearer the hip-joint and may penetrate it. The point of 
the nail should not therefore be nearer than one centimetre to the joint surface at the end 
of the operation. The nail is eventually hammered home between two guide wires, one in 
the V and the other in the topmost hole of the plate. The plate automatically lies against 
the femoral shaft and is fixed with four screws, each with a hold on both cortices. The wound 
is closed and the patient is returned to the ward with a firm bandage around the hip. No 
other fixation is necessary. 
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In stable group 1 fractures in which adequate internal fixation has been obtained the 
patient may bear weight on the affected limb’from the beginning (Figs. 24 and 25). When 
eduction is not perfect, and particularly when the inner cortical buttress is not restored, 
weight-bearing should not be allowed until the fracture has united. Nevertheless the patient 
should be got up on crutches. Non-weight-bearing exercises, general limb movements and 
yreathing exercises are started immediately. 


SUMMARY 


|. Trochanteric fractures are classified, with special emphasis on the stability or instability 
f the fracture. The importance of the cortical buttress of bone on the inner side of the 
‘emoral neck and shaft is stressed. 


2. Three series of cases are presented: a) one hundred and one cases treated conservatively 


‘n hospital; 6) twenty-five cases sent home by reason of lack of hospital beds; c) twenty-two 
cases treated by fixation with a Capener-Neufeld nail-plate. 

3. From consideration of these three series, and from study of similar series of cases reported 
in the literature, it is suggested that routine operative treatment of trochanteric fractures 
has the advantages of greater comfort and mobility of the patient, lowered mortality, and 
economy of hospital beds. 


4. Certain features of the operation of internal fixation by the Capener-Neufeld nail-plate 
are discussed. A director, for more efficient insertion of the nail-plate, is described. 

5. The importance of early mobility after operation is emphasized. Only a small proportion 
of patients can be allowed early weight-bearing but almost all can be got up in a chair, and 
most can be taught to get about with crutches, without weight-bearing on the fractured 
limb, within a few days of operation. 


I am indebted to Mr William Gissane for help and encouragement in the preparation of this paper. I would 
also express my thanks to Mr Farrar of the Austin Motor Company who made the new instrument 
described; to Mr Gill of the Photographic Department for preparation of the illustrations; and to my 
colleagues on the surgical staff of Birmingham Accident Hospital for allowing me to operate on their cases. 


REFERENCES 


Aronsson, H. (1947): Osteosynthesis of Intertrochanteric and Pertrochanteric Fractures of the Femur. 
Journal of Bone and Joint Surgery, 29, 637. 

BARTELS, W. P. (1939): Intertrochanteric Fractures. Journal of Bone and Joint Surgery, 21, 773. 
Brittain, H. A. (1942): The Low Nail. British Medical Journal, 1, 463. 

CAPENER, N. (1944): Nail-plate for Transtrochanteric Fractures of Femur. Lancet, 1, 600. 

CLEVELAND, M., Bosworth, D. M., and THompson, F. R. (1947): Intertrochanteric Fractures of the Femur. 
Journal of Bone and Joint Surgery, 29, 1049. 

Harmon, P. H. (1945): Fractures of the Upper Femur. Journal of Bone and Joint Surgery, 27, 128. 
Jewett, E. (1941): Angle Nail for Trochanteric Fractures. Journal of Bone and Joint Surgery, 23, 803. 
Key, J. A. (1939): Internal Fixation of Trochanteric Fractures of the Femur. Surgery, 6, 13. 

Leypic, S. M., and BrookeEs, T. P. (1940): Treatment of Pertrochanteric Fractures of the Femur with a 
Lag Bolt. Journal of the Missouri Medical Association, 37, 354. 

Moore, A. T. (1944): Blade-plate Internal Fixation for Intertrochanteric Fractures. Journal of Bone 
and Joint Surgery, 26, 52. 

Morris, H. D. (1941): Trochanteric Fractures. Southern Medical Journal, 34, 571. 

SILER, V. E., and CALDWELL, J. A. (1940): Treatment of Intertrochanteric Fractures of the Femur by 
Modification of Russell Balanced Traction. American Journal of Surgery, 47, 431. 

SPEED, K. (1921): Treatment of Fracture of the Femur. Archives of Surgery, 2, 45. 

Taytor, G. M., NEUFELD, A. J., and JANZEN, J. (1944): Internal Fixation for Intertrochanteric Fractures. 
Journal of Bone and Joint Surgery, 26, 707. 

Wricut, L. T. (1947): Oblique Subcervical (Reverse Intertrochanteric) Fractures of the Femur. Journal 
of Bone and Joint Surgery, 29, 707. 


vot. 31 B, no. 2, may 1949 












TROCHANTERIC FRACTURES OF THE FEMUR 
A Plea for Conservative Treatment 
R. C. Murray and J. F. M. Frew, INVERNESS, SCOTLAND 
From the Orthopaedic Unit, Raigmore Hospital, Inverness 


In recent years, operative methods have been advocated strongly in the treatment of 
fractures of the trochanteric region of the femur. For these fractures, internal fixation 
appears to have become standard treatment in many clinics in the United States of America 
and an article in the 1946 Year Book of General Surgery is introduced with the observation 
that: ‘“‘ internal fixation is still the method of choice for most intertrochanteric fractures .. .’’ 
This treatment is also gaining popularity in Great Britain and we are informed that blade- 
plates “‘ are selling like hot cakes.”’ 

The difficulties of conservative treatment are appreciated and we are aware that the 
results have not always been good; but our impression does not conform at all with the 


““c 


2 


- 


Fic. 


Tracings of radiographs illustrating the five types of intertrochanteric 
fracture of the femur: 1) basal; 2) intertrochanteric; 3) comminuted inter- 
trochanteric; 4) oblique subtrochanteric; 5) transverse subtrochanteric. 


opinion of many writers who advocate internal fixation. Furthermore, in studying the 
literature we have read fallacious statements, faulty conclusions and unjustified claims, 
and some papers written in support of internal fixation have actually strengthened our 
belief in routine conservative treatment. In order to test the validity of this belief, a 
series of cases treated conservatively during the past six years has been investigated. The 
results appear to justify our plea for conservative treatment. 


REVIEW OF CASES 


The series of cases consists of one hundred consecutive trochanteric fractures of the 
femur—forty-six being treated at Killearn Hospital, Glasgow, between 1941 and 1943, and 
fifty-four at Raigmore Hospital, Inverness, between 1944 and 1947. 
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Types of Fracture—The investigation includes not only intertrochanteric and pertrochanteric 
fractures, but also fractures through the base of the femoral neck and subtrochanteric 
fractures. Avulsion and crack fractures of the greater and lesser trochanters have been 
excluded. The fractures have been classified into five types, which are illustrated in Fig. 1 
by radiographic tracings of typical examples. The term “ basal’’ has been used to describe 
fractures through the base of the neck and not, as some authors use it, to cover all varieties 
f intertrochanteric and pertrochanteric fractures: it is probably more common than is 
‘zenerally recognised, and is often mistaken for an intertrochanteric fracture (Figs. 2 and 3). 
‘lassification has not always been easy because some fractures combine the features of two 
ypes. Thus, a fracture which is mainly across the base of the neck may pass obliquely 
hrough the intertrochanteric line, and a comminuted intertrochanteric fracture may be 
issociated with a subtrochanteric fracture. The oblique subtrochanteric group is particularly 
‘aried and could easily be subdivided: some consist of a simple fracture passing upwards 
ind inwards to just above the lesser trochanter; but most are comminuted, extending up to 
he intertrochanteric region; while others extend down into the shaft. In this series (Table I) 
the most common type was the comminuted intertrochanteric fracture (43 per cent.) and the 
least common was the transverse subtrochanteric fracture (2 per cent.). 


TABLE I 
DISTRIBUTION OF TYPES, SEX, AND AGE 





Number 


Type of fracture . é 
: of cases 


Male Female 


Range Average 





Basal ae Cees er 7 59 years 





Intertrochanteric . : : | | ~7¢ 54 a 


Comminuted 
intertrochanteric : 43 69:8 __,, 
Oblique 
subtrochanteric : 18 20-92 oe 61-2 


Transverse 
subtrochanteric . 2 2 | 56:5 





Total ‘ : ; 100 62:5 years 











Age—lIt is often believed that trochanteric fractures are sustained only by elderly patients, 
but in this series there were many young patients, the ages ranging from 15 to 92 years. 
Details are given in Table I, which shows that the average age at which comminuted 
intertrochanteric fractures are sustained is 69-8 years, whereas the average age for simple 
intertrochanteric fractures is only 54 years. Analysis of the age incidence in each decade 
shows that although these fractures occur most frequently between the ages of 70 and 80 
ears, and 67 per cent. occur over the age of 60 years (average 74-7 years), 15 per cent. are 
sustained by patients of less than 40 years (average 25 years). More than one-third of 
imple intertrochanteric fractures were in patients of less than 50 years; but on the other 
and nearly two-thirds of comminuted intertrochanteric fractures were in patients of more 
han 70 years. 

ex—Fifty-six patients were males and forty-four were females. This preponderance in males 
; in striking contrast with most other recorded series. Nearly always these fractures have 
een reported as occurring much more often in women than in men. Table I shows the sex 
istribution in the five types of fracture. The higher male incidence is especially noticeable 
n simple intertrochanteric fractures of which 68 per cent. occurred in men. 
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Associated diseases—Many patients suffered from other pathological conditions—diabete: , 
spastic hemiplegia, paralysis agitans, subacute combined degeneration, Paget’s diseas: , 
rheumatoid arthritis, osteoarthritis, chronic osteomyelitis, arterio-sclerosis, and coronar ° 
disease. The frequency of osteoarthritis of the hip joint in patients who sustain trochanter: 
fractures calls for emphasis because it has an important bearing on the end-results. In 1 
recent consecutive series of thirty-three cases it was found that the hip joint was norm: | 
in only one-third; in another third there was early osteoarthritis; and in nearly 20 per cen’. 
of cases there was advanced osteoarthritis. 


Fic. 2 Fic. 3 


Radiographs of basal fracture before reduction illustrating the difficulty in identifying the 
type (Fig. 2); and after reduction (Fig. 3) showing that the fracture line is confined to 
the neck, in this case more oblique than usual. 


TREATMENT OF TROCHANTERIC FRACTURES 

With few exceptions, the fractures in this series were treated by traction. Skeletal 
traction was employed in only six cases; traction by adhesive strapping was used in all others. 
Our early practice was to place the limb on a Braun’s splint unless external rotation deformity 
was marked, in which case a Thomas’ or Hodgen’s splint with an internal rotation bandage 
was used. More recently, splints have been discarded altogether for all fractures except those 
at the subtrochanteric level, the limb being placed on a pillow with 12 to 18 Ib. traction over 
a pulley at the end of the bed, and an internal rotation bandage applied just above the knee, 
slung by a light weight of 3 to 4 Ib. (Fig. 4). A similar method of correcting external rotation 
deformity was recently described by Rose (1947). Before this method was employed it was 
found necessary to manipulate eleven cases under anaesthesia in order to correct deformity ; 
but since its introduction no manipulation has been required in twenty-five cases, though 
twenty of them had severely comminuted fractures with marked deformity. It is now 
our policy to use manipulation only if full correction is not secured within a week; but 't 
is remarkable how quickly and easily complete reduction is usually obtained (Figs. 9 and 18). 
The method is no less applicable to intracapsular fractures before pinning and we now use 
it routinely. Counter-traction is provided by raising the foot of the bed on low blocks. The 
patient is placed in a semi-sitting position, supported by pillows or a back-rest. From tle 
first day of treatment he is encouraged to move about in bed, sit up freely, and assist tl ¢ 
nurses by lifting himself with the aid of a handle suspended from the Balkan beam. Mot 
patients, even the aged, if they are taught to bend the good knee to a right angle and pla 2 
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TROCHANTERIC FRACTURES OF THE FEMUR 


Patient, aged seventy-four years, with comminuted intertrochanteric fracture, 
illustrating method of treatment by simple traction and suspended internal 
rotation bandage. Inset shows the manner of applying the rotation bandage. 


Fic. 5 


Same patient as in Fig. 4, lifting herself for nursing purposes. 
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the foot flat on the bed, soon learn to raise themselves and lift their buttocks for washing anc 
the use of bed-pans (Fig. 5). The physiotherapist supervises exercises for the foot, quadricep: 
drill, and active movements of the sound limb at regular intervals. At first, movement o 
the knee joint of the fractured limb was not encouraged until the eighth week; but gradually 
this time has been shortened until during the past year most patients started knee exercise: 
between the third and fifth weeks. Some patients with undisplaced intertrochanteric fracture: 
can start knee movement as early as the first or second week after injury. After about thre« 
weeks the hip can usually be flexed passively without pain, thus permitting some flexion o 
the knee. After the fourth week, provided that no splint is used, it is a simple matter for the 
physiotherapist to remove the traction weight, maintain slight traction by hand, and assist 
the patient to put his leg obliquely over the side of the bed and in this position exercise th« 
knee. In grossly comminuted fractures, and most subtrochanteric fractures, movement o 






























the knee joint is more delayed. Subtrochanteric fractures are usually treated in a Thomas 
splint with Pearson flexion piece, and it is usually five to seven weeks before knee movement: 





are permitted. 
TABLE II 


AVERAGE TIME IN WEEKS FOR DIFFERENT STAGES OF TREATMENT 

















Comminuted | Oblique Transverse 

; Intertro- . : 2 : All j 

Basal reogearteie intertro- subtro- subtro- a 

wats chanteric chanteric chanteric DEES | 
Time on traction . y 9-5 8-3 9-4 10-5 11 9-5 

Time before _ starting 

exercises . : : 6°5 4-6 6-2 7:3 5 6-1 
Time in bed . ‘ ; 12 9°55 11-3 13 11 11-1 
Time in hospital : ; 15-7 11-6 14:8 16:2 12 14-3 











Radiographs are taken at intervals throughout treatment. When clinical and radio- 
graphic evidence shows that union has progressed sufficiently, traction is discarded gradually 





—that is to say the weights are first reduced in stages, and are then removed for increasing 
periods, until finally they are discarded altogether. This transition period usually extends 
from the ninth to the twelfth week of treatment. In most cases walking with crutches is 
permitted after twelve weeks, but full weight-bearing is not permitted until radiographs 
show consolidation of the fracture. When the fracture extends downwards to involve the 
shaft of the femur a caliper splint is worn until there is consolidation, usually from four to 
six months from the date of injury. 

Table II shows the average time in weeks for different stages in the treatment of the 
five types of fracture and for the series of one hundred cases as a whole. Perhaps the most 
striking feature is the difference in time at comparable stages between basal and simple 
intertrochanteric fractures. It should be noted that during the past two years exercises 
have been started much earlier than formerly. Thus, for the last twelve intertrochanteri 
fractures the period of delay has been reduced to 3-5 weeks, and for the last twelve comminuted 
intertrochanteric fractures to 4-8 weeks. 


RESULTS OF TREATMENT 





When assessing the results of treatment of injuries of this nature there are so many ( 
factors to consider that it is not easy to present a true picture in tabular form. For purpose: ; 






of analysis, and comparison with other series, it is necessary to consider both anatomica 
and functional results, and these have been summarised in Table III. They have beer 
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Fic. 6 
Comminuted intertrochanteric fracture in a hemiplegic 
patient four weeks after injury. Very marked varus 
deformity persisted, despite heavy traction, due to spasticity 
of the adductor muscles. 


Fic. 7 Fic. 8 


Comminuted intertrochanteric fracture (type 3) associated with moderate osteoarthritis of the hip 
joint (Fig. 7). After seven months it is seen that the fracture is consolidated in almost identical 
osition (Fig. 8). The poor functional result was due to pre-existing arthritis—not to the fracture. 
P § I I 8 


voL. 31 B, No. 2, may 1949 





R. C. MURRAY AND J.-F. M. FREW 


classified into four grades: Anatomical—1) Excellent—no shortening or deformity, clinicall; 
or radiographically ; 2) Good—up to half an inch of shortening, but no rotation or adductio1 
deformity; 3) Fair—half to one inch of shortening, slight adduction deformity, or sligh 
rotation deformity ; 4) Bad—more than one inch of shortening, obvious adduction deformity 
or rotation deformity. Functional—1) Excellent—full range of hip movement, no disability 
2) Good—slight limitation of hip movement, other disability hardly appreciable; 3) Fair— 
considerable limitation of hip movement (up to 50 per cent.), able to walk without crutches 
but often requiring a stick. 4) Bad—more than 50 per cent. limitation of hip movement 
ability to walk only with crutches or not at all. 


TABLE III 





Anatomical results Functional results 
Type of 
fracture 


Excellent | Good Fair Bad Excellent | Good Fair | Bad 





Basal 








Intertrochanteric . 





Comminuted 
intertrochanteric 














Oblique 
subtrochanteric 





Transverse 
subtrochanteric 











Total 











This classification does not take into account the condition of the hip joint before injury. 
A number of patients suffering from osteoarthritis of the hip were classified as having a fair 
or bad functional result, though probably the stiffness which led to this classification was 
present before the fracture was sustained (Fig. 7) ; indeed several of these patients considered 
that they were fully restored to normal. Similarly the bad results include patients with 
spastic paralysis who were almost totally disabled before the injury, the fracture itself having 
little or no effect on the degree of disability. A study of Table III indicates that of the ninety 
survivors, sixty-two had good or excellent anatomical results and sixty-seven good or excellent 
functional results. There were only seven bad anatomical results, and nine bad functional 
results. It is worth inquiring further into the cases classified in grade 4 as bad results. 
Analysis of bad results—In thirteen cases the result was classified anatomically or 
functionally as bad; their average age was seventy years. The average time spent in hospital 
was eighteen weeks. Of these, nine were suffering from a serious pre-existing pathological 
condition. There were four cases with severe osteoarthritis of hip joint, one also suffering 
from diabetic neuritis. Four had an upper motor neuron lesion, three being almost bedridden. 
One had rheumatoid arthritis. Of the other four cases: one was complicated by femoral 
thrombosis during treatment; one was the case of non-union to be referred to later; and one 
was treated in a plaster spica (which was exceptional and, we think, unfortunate). The other 
case was a straightforward comminuted intertrochanteric fracture in a patient aged eighty- 
three years, who despite one and a half inches shortening has good function. 
Knee function—A special study has been made of the range of knee movement in patients 
treated in Inverness who have been observed for six to forty-eight months after injury. In 
62 per cent. of these patients there was a full range of knee movement. In 23 per cent. there 
was more than 90 degrees of movement. In 4 per cent. the knee joint was very stiff. In the 
other cases there was osteoarthritis or spastic paralysis, but the joint was restored to its 
original -condition. 
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Fic. 9 Fic. 10 
Comminuted intertrochanteric fracture (type 3) in a woman aged seventy-two years, sixteen days 
after application of traction and internal rotation bandage (Fig. 9); note the early callus. Fig. 10 
shows consolidation after five months with only a trace of shortening, normal movement of the knee 
joint, and full restoration of normal function. 


Fic. 11 Fic. 12 


Oblique subtrochanteric fracture (type 4) in a woman aged seventy-four years (Fig. 11). Six weeks 
later union in almost perfect position was well advanced (Fig. 12). The final result—anatomical 
and functional—was excellent. 
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Complications—Drop foot, 9 cases (see Discussion); hypostatic pneumonia, 5 cases, all 
died; broncho-pneumonia, 3 cases, 2 died; bed sores, 3 cases; pulmonary embolism, 2 cases, 
both died; psychoses, 2 cases; femoral thrombosis, 1 case; cerebral haemorrhage, 1 case 


died; non-union, 1 case. 


Mortality—In this series of one hundred consecutive cases there were ten deaths due to: 
hypostatic pneumonia and congestive heart failure, 5; broncho-pneumonia, 2; pulmonary 


eal 


embolism, 2; cerebral haemorrhage, 1. The average age was eighty years. 


Fic. 13 Fic. 14 


Transverse subtrochanteric fracture associated with Paget’s disease (Fig. 13). Union in good alignment 
is shown radiographically both in the antero-posterior projection (Fig. 14) and the lateral projection (inset). 


DISCUSSION 


These results have been presented in order to illustrate an average experience of the 
conservative treatment of trochanteric fractures. Broadly speaking, any condition that 
can be treated with equai success by operative or conservative methods should not be treated 
by operation. For example, it would be inexcusable to operate routinely on fractures of the 
shaft of the humerus, whereas nailing of transcervical fractures of the neck of the femur is 
usually advisable owing to the high incidence of non-union after conservative treatment. 
Protagonists of the operative treatment of trochanteric fractures have put forward many 
justifications for their methods. They claim better anatomical and functional results, greater 
certainty of union, earlier ambulation with economy of hospital beds, easier nursing, 
prevention of bed-sores, fewer complications, and above all, a lower mortality. It is easy 
enough to be overwhelmed by so formidable a list of benefits; but it is worth looking into each 
of these claims more closely. 


Anatomical Result—It would be natural to expect more accurate reduction from a skilful 
operation than from traction alone; but the operation is not always easy and the requisite 
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skill is not always available. Even the results that have been published are not all good, and 
it is to be expected that among unpublished records there might be many curious radiographs. 
Taylor, Neufeld, and Janzen (1944) reported a series of 159 cases treated by internal fixation, 
and claimed excellent anatomical results; yet they went on to say that restoration of the 
angle of the neck averaged three degrees less than from closed traction because reduction at 
the time of nailing was inefficient. 

It might also be expected that reduction would be maintained more securely by internal 
fixation, but even this is by no means certain. We have seen cases in which the plate became 
detached from the shaft owing to loosening of the screws; and this complication, as well as 
breaking and bending of nail-plates, has often been reported (O’Brien, Shy, and Bublis 1946; 
Siris and Ryan 1944). In a recent report of ninety-five cases treated by a modified Jewett 
nail-plate (Cleveland, Bosworth, and Thompson 1947) there were three cases of breaking of 
the nail, one of bending of the nail, and four of disruption of the plate. 

In our own series of cases treated conservatively (Table III), sixty-two of the ninety 
survivors (68-9 per cent.) had good or excellent anatomical results. Only seven results were 
bad, even when such pre-existing conditions as spastic hemiplegia were included. With few 
exceptions, we have found little difficulty in securing union in good position. There is 
very little difficulty in securing anatomical perfection in young patients who have no problems 
of senility or psychosis, and are willing and able to co-operate; internal fixation is certainly 
unnecessary in this age group. But even in old patients, despite all their problems, we have 
had little difficulty in securing satisfactory results (Figs. 9-14). In a few cases there has been 
shortening of the limb by one inch, and very occasionally by more than one inch; but a little 
shortening is of no concern to a patient of more than seventy years who has a painless, 
stable and mobile hip. 


Functional Result—It is claimed that functional results are better after internal fixation 
because exercises can be started sooner. Stiffness of the knee joint is of course a real danger 
in old people, and experience with the nailing of transcervical fractures has shown that 
stiffness can usually be prevented if exercises are started early. Nevertheless, in employing 
conservative treatment for trochanteric fractures, we have found that knee exercises can be 
started at an early stage without interfering with union. We encourage knee movements 
as soon as they can be attempted without causing pain in the region of the fracture—within 
a very few weeks of injury. 

Range of knee movement—It is a remarkable fact that in all the records of internal fixation 
of trochanteric fractures we have been unable to find statistics of the range of knee movement, 
and we cannot but wonder whether some operators, in their enthusiasm for operations, have 
always paid attention to the function of the limb as a whole. Our own figures show that after 
conservative treatment knee function is not often impaired. Only in 4 per cent. of patients 
was there serious stiffness: in two-thirds, the final range of knee movement was normal. 


Early ambulation and the dangers of recumbency—In this series, the average period of 
recumbency was just over eleven weeks (Table II). With internal fixation most authors 
make it clear that weight-bearing should not be permitted until bone union is established, 
but they allow the patient up with crutches six to eight weeks after operation. O’Brien, 
Shy, and Bublis (1946) encourage the patient to sit in a chair on the fifth day and to walk 
with crutches after six weeks. Stuck (1944) considers that nothing is gained by early 
ambulation, and that there is danger of circulatory damage at the fracture site if the patient 
is allowed up before eight weeks. Harmon (1945) does not permit walking with crutches 
before eight weeks; complicated cases may be kept recumbent for fourteen to sixteen weeks. 

Certainly internal fixation permits earlier disposal of patients than does conservative 
treatment which usually demands from ten to fifteen weeks in hospital. But even in these 
days of nursing shortage we do not regard this as a factor which should weigh heavily. 
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As was observed by Osmond-Clarke (1947) : 
“It is a dangerous policy (though one that 
is becoming too prevalent) to argue that 
shortening of the stay in hospital, or the 
achievement of earlier ambulation, is in 
itself sufficient ground for advising opera- 
tive treatment of fractures.”’ 

It appears to be assumed generally that 
patients who are treated in recumbency are 
in mortal danger. If that was true, early 
ambulation would be of primary import- 
ance. But we do not believe that it is true. 
With few exceptions, old people tolerate 
recumbency remarkably well.* We do not 
imply that the risk of recumbency should 
be disregarded, but we would assert that 
careful nursing, attention to _ posture, 
and early active movement of the patient 
in bed, are far more important than 
early ambulation. 

Fic. 15 Nursing and pressure sores—It is a sad 

Severely comminuted fracture with impaction, adduc- reflection on the capability of orthopaedic 
tion of the shaft, advanced osteoarthritis of the hip i 

joint and abduction deformity at the hip joint. nurses if the management of an average 

trochanteric fracture treated in traction is 


to be regarded as a serious problem. Many authors refer to the frequency of severe pressure 


sores, especially on the sacrum and heels. Cleveland, Bosworth, and Thompson (1947) go 
so far as to say that with conservative 


treatment pressure sores are the rule rather 
than the exception. They seem to consider 
that it was one of the great achievements 
of internal fixation to have reduced the 
incidence of decubitus ulceration to 8-4 
per cent. We can say only that we are 
astonished. In this series of one hundred 
patients, treated by traction, with ages 
ranging up to ninety-two years, there were 
three pressure sores. 


* Tolerance of old people to recumbency— 

To test the validity of this observation we have 

analysed the case records of all patients over the 

age of 60 years treated in recumbency in the 

orthopaedic wards at Raigmore Hospital during 

the past four years. Number of patients over 

60 years of age treated in recumbency 147; ages 

60 to 92 years; average age 69-9 years. Time in 

hospital 1 day to 60 weeks; average 55 days. 

Period of recumbency | day to 53 weeks; average 

39 days. Number of deaths 11. Mortality 7-5 per 

cent.; average age 75:4 years. Period of re- 

cumbency before death 1 to 203 days; average 

38 days. Three died in the first week, two in the 

second week. Causes of death: malignant disease, 2; Fic. 16 

post-operative shock, 2; cerebral haemorrhage, 1; sch 

moribund on admission, 2; hypostatic pneumonia, | Ununited subtrochanteric fracture (type 4) in a young 
3; uraemia, 1. Of these eleven deaths only the last man aged twenty-eight years, three months after 
four can be related to recumbency. Complications: injury. Non-union was due to the penetration of muscle 
bed-sores, 4; psychoses, 3; pneumonia, 3. by the upper end of the shaft of the femur. 


THE JOURNAL OF BONE AND JOINT SURGERY 





TROCHANTERIC FRACTURES OF THE FEMUR 215 


Non-union—Several authors refer to the possibility that conservative treatment may cause 
non-union, ard advance this as a reason for-internal fixation (Moore 1944, Siris and Ryan 
1944); but the complication is very rare indeed. King (1945) reports only two cases in ten 
years; and Stuck (1944) states that he has never seen a case of non-union in this region. In 
yur Own series there was one case of non-union in a subtrochanteric fracture in which operative 
xposure showed that the lower fragment had been driven through muscles and was 
completely separated from the upper fragment (Fig. 16). In this region we cannot agree 
with Watson-Jones (1943) that inadequate immobilisation is an important factor leading to 
failure of union. No trochanteric fracture treated conservatively by traction is ‘‘ adequately 
immobilised ’”’ in the sense intended by Watson-Jones, and yet it is probably safe to say 
that 99 per cent. of these fractures unite, and often very rapidly (Figs. 9-12). We reject the 
view that the risk of non-union is an argument in favour of internal fixation. 

Other complications—Drop foot occurred in nine cases. In one, it was due to fracture of 
the lateral condyle of the tibia with direct injury to the nerve. There were four cases of 
bilateral foot drop due to palsies unassociated with the fracture. In the other four cases 
the onset of paralysis must be attributed to the treatment—pressure of the splint or of the 
rotation bandage. All recovered. 

Thrombophlebitis and pulmonary embolism—These complications appear to be more frequent 
after operative than conservative treatment. Cleveland e¢ al. (1947) reported two deaths 
from pulmonary embolism after internal fixation, but none in the cases they treated 
conservatively. In discussion of the paper by Cleveland (1947), Dr Norton, while advocating 
internal fixation, described thrombophlebitis as a troublesome complication and reported 
five deaths due to pulmonary embolism. In the series reported in this paper there have been 
certainly two, and possibly three cases of thrombophlebitis. The first patient, a woman 
aged seventy-three years, made a satisfactory recovery; the second patient died from 
pulmonary embolism on the thirtieth day; and the third died suddenly on the twenty-fifth 
day, but no autopsy was permitted and the cause of death was not established. 
Pneumonia—Most deaths after trochanteric fractures of the femur, whether treated 
conservatively or by operation, are due to pneumonia. Of the ten deaths in this series, seven 
were due to pneumonia. It is a grave complication; but the danger can be reduced by good 
nursing, maintenance of the correct position, and insistence on free movement in bed from 
the beginning. With conservative treatment in traction as it has been described, the patient 
is hardly more restricted than after internal fixation; and active mobility of the patient is 
interrupted even less than it must be for some hours or days after operation. 

Wound infection can occur only after operation. It is futile for the supporters of operative 
treatment to claim that infection should not occur, for it does occur, and we fear that it may 
occur far more often than is generally recognised. Kellogg Speed (1945) wrote: “ The 
frequency and gravity of post-operative infection following internal fixation for fractures of 
the neck of the femur are not appreciated because many instances are concealed and few 
are reported.”” He then quoted a sentence from an article by Siris and Ryan (1944): “ If 
other surgeons have experienced the same disastrous consequences, we have not found any 
mention of it in the literature’; and he went on to say: “‘ Neither have I, yet I have been 
seeing and struggling with these calamities for several years.’”’ Siris and Ryan (1944) reported 
four infected wounds in sixty-one cases. Moore (1944) reported one wound infection in 
eighty-three cases. Cleveland et al. (1947) reported four infections in ninety-five operations, 
two due to infected haematoma with one death, and two fatal cases of gas gangrene. 
Protrusion of the nail into the hip joint—It appears that frequent as bending and breaking 
of the nail plate may be, and often as screws may loosen, the incidence of penetration of 
the hip joint by the point of the nail is even greater. O’Brien et. al. (1946) reported ten 
such disasters in a series of one hundred and three operations. Cleveland et. al. (1947) 
also referred to the frequency of this complication. 
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Mortality—This we regard as the crux of the argument, and the most important point for 
discussion because, even if the claims for internal fixation are admitted, the benefits are 
not so great as to justify risking the life of the patient by a form of treatment that is not 
essential. Most authors who favour operative methods claim that lives are actually saved 
by operation, and they support this claim by quoting comparative mortality rates for 
conservative and operative groups of cases (Table IV). 


TABLE IV 





Conservative treatment Operative treatment 


Cases Percentage Cases Percentage 
treated mortality 


Author Author 


treated mortality 
Morris (1941) . ... 28 21-4 
Leydig and Brookes (1940) 302 Siris and Ryan (1944) . 100 22-0 
Mommie (1043), «2. 4. 16 Harmon (1945) Scots 45 11-1 
Harmon (1945)... . 164 O’Brien et al. (1946) . 21-4 
Cleveland ef al. (1947)... 38 Cleveland et al. (1947) 12-6 
Moore (1944) . . . “No 


operative 
deaths ” 








At first sight the evidence in favour of operation appears to be overwhelming; but it 
would be unwise to accept it without further inquiry. In the first place we do not believe 
that the mortality figures for conservative treatment are truly representative of this type of 
fracture—certainly not in Great Britain. In this series of one hundred cases, treated 
conservatively, there were ten deaths. Looking back over previous years, and recalling a 
far greater number of cases, we do not think that the mortality was appreciably different. 
Quite certainly it never approached the astonishing figures indicated in Table IV. of one 
death in three patients. This conviction is shared by many experienced surgeons with 
whom we have discussed the problem. 

The mortality rate of 10 per cent. in the present series compares favourably with the 
operative mortality figures published, and is approached closely only by three of the series 
listed above in Table IV. One of these (Moore 1944) should be dismissed at once. On first 
reading Moore’s paper we wondered what he meant when he said that “ in eighty-three cases 
there were ‘ no operation deaths’ ”’ because in Fig. 9 he illustrated the case of a patient who 
died of pneumonia ten days after operation. It was only after reading an earlier paper 
(Moore 1937) that it became clear that the author distinguishes “ operation deaths ”’ from 
“died during treatment.” It is misleading and unfortunate that, in consequence, several 


x» 


authors have attributed to Moore a mortality of nil. 

The figures of Harmon (11-1 per cent.) and Cleveland e¢ al. (12-6 per cent.) are excellent ; 
but if we are to judge from the literature they are exceptional. Moreover, if these figures 
are to be compared with our own results the causes of death should be considered. Harmon 
makes no analysis. Cleveland attributes four of twelve deaths to operation, namely: two 
cases of gas gangrene; one of operation shock; and one of pulmonary embolism. But a fifth 
case died of pulmonary embolism, and a sixth died of inanition after infection of the 
haematoma—both of which might reasonably be attributed to the operation. If, in a series 
with a mortality as low as 12-6 per cent., there were four deaths (and possibly six) directly 
attributable to the operation, it seems probable that in the more numerous series with 
mortalities above 20 per cent. there must have been very many deaths due to operation. In 
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iddition to wound infection, pulmonary embolism, and post-operative pneumonia, surgical 
shock is clearly an important factor. Moore (1944) denies this; and perhaps in his hands 
this is true for he states that the operation can be done comfortably in twenty to twenty-five 


Fic. 18 Fic. 19 


Comminuted intertrochanteric fracture (type 3) on admission (Fig. 17); note early arthritic 

changes. The position five days later, after application of traction and internal rotation bandage, 

is shown in Fig. 18. One year later, consolidation with slight loss of length, yet clinically almost 
indistinguishable from normal (Fig. 19). 


minutes. But the average surgeon cannot approach this time. The operating time estimated 
by O’Brien e¢ al. (1946) was one and a half hours. These authors frankly admit the part 
played by operative shock in causing death, especially in their earlier cases. It is to be expected 
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that as a surgeon gains experience his operative mortality will be reduced. Thus Taylor 
et al. (1944) described two groups of cases with a much higher operative mortality in the 
first than in the second series. In their earlier series of 165 cases, including 108 treated con- 
servatively and fifty-seven by internal fixation, the mortality of the operation cases was 
33 per cent. In their later series of 102 operations the mortality was reduced to 21-6 per cent. 
It can be concluded either that patients were selected more carefully or that surgical shock 
was reduced by improved technique. Is it then to be recommended that all surgeons should 
gain experience at the expense of a large number of lives and then forget about their first 
fifty cases? We would agree even with this if the operation could be proved necessary, but 
we think that our own results show this is not so. 

Whatever the reason for the high mortality rates so often quoted in series of cases 
treated conservatively the manner of their comparison with operative mortality rates is 
open to criticism. A few authors claim to operate on all cases without selection; but it is 
clear that most surgeons do in fact select cases for operation. This must obviously be so 
because some patients are moribund on admission to hospital. Thus O’Brien e¢ al. (1946), 
in their report of 103 consecutive cases treated by internal fixation, excluded three who 
refused surgery and ‘“‘ four who for various reasons other than the fractures, were moribund 
on admission.” These four deaths were excluded from the operative series and transferred 
to the conservative series, thus swelling the apparent mortality rate of conservative treatment 
and creating a wrong impression. Without doubt the worst cases are included in the 
conservative group; and even surgeons who intend to operate on every patient, in the belief 
that thereby they can save lives, are often prevented from doing so by the fact that the 
patient dies before they can operate. Taylor et al. (1944) found that 25 per cent. of deaths 
occurred in the first week, and most of these were cases not considered fit for operation. 


’ 


Other methods of treatment—It is the authors’ practice to avoid splintage except in 
subtrochanteric fractures. Details of the particular traction method used are not of great 
importance provided that the method permits adequate nursing and active exercises. We 
can well believe that Russell traction is excellent. Skeletal traction should seldom be 
necessary, and we cannot agree with Bartels (1939) who believes that 20 to 30 lb. of skeletal 
traction should be maintained until union is established. Possibly he is right in claiming 
that this prevents coxa vara; but there is abundant evidence to show that heavy traction 
delays union and our own observations lead us to believe that slight shortening, especially 
in comminuted fractures, may hasten union without impairing function (Figs. 17-19). 


Plaster spica—On the other hand, we agree with Bartels regarding the use of a plaster spica, 
which will not prevent coxa vara if it is used in the treatment of fractures with displacement. 
It is evident from the literature that immobilisation in a plaster spica has been used widely 
for trochanteric fractures, and this may be one factor contributing to the high mortality 
figures of conservative treatment. We believe that a plaster spica has practically no place 
in the treatment of trochanteric fractures. It is far better to treat undisplaced fractures by 
light traction and concentrate on early movements; while in the treatment of displaced 
fractures traction is essential to reduce and prevent deformity. Fixation of both hips in wide 
abduction by means of below-knee plasters connected by a broomstick is similarly open to 
criticism. The object no doubt is to lock the fracture in the abducted position while leaving 
the patient free to sit up, but this method does not prevent coxa vara. 


Well-leg traction—In the practice of the authors, “ well-leg traction” has been abandoned 
as unsatisfactory. It is admitted that good reduction of the fracture can be maintained, and 
that the patient can be lifted out of bed; but this last advantage is offset by the fact that in 
bed he is far more restrained than with simple traction. Without a free leg he is helpless to 
move himself up and down. The method incurs a serious risk of bilateral knee stiffness; 
the second hip is fixed in an unphysiological position; and pressure sores are common. 
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External pin fixation has also given discouraging results. The authors have experience of 
only one case of a trochanteric fracture treated’ in this manner. Good reduction and fixation 
were obtained but what is often described by euphemistic writers as ‘‘ seepage from the 
pin-tracks,’”’ and which we regard as frank sepsis, soon occurred. The pins were removed 
before sepsis could extend deeper, and fortunately the patient made a good recovery, but 
this happy ending is not always the rule. Siris and Ryan (1944) treated five trochanteric 
fractures and one intracapsular fracture of the neck of the femur by external pin fixation: 
every single case was complicated by sepsis which resulted in the death of each of the five 
patients with trochanteric fractures. Moreover the method may result in other complications, 
particularly pain at the site of the pin-tracks, and joint stiffness. 


SUMMARY 


1. A series of one hundred consecutive cases of trochanteric fractures treated conservatively 
by the authors has been reviewed. 

2. Analysis of the results obtained and a study of the relevant literature has led us to the 
firm conclusion that the routine treatment of this group of fractures should be conservative. 
3. Internal fixation should be reserved for those exceptional cases where traction is found 
to be inadequate: this is specially likely in cases associated with an upper motor neuron lesion, 
where difficulty is experienced in maintaining reduction owing to muscle spasm. 

4. The basal type of fracture offers a special problem because it merges imperceptibly into 
that of the true transcervical fracture. No difficulty has been experienced in this series in the 
conservative treatment of such fractures, but we recognise that they might well be regarded 
as a variety of transcervical fracture and treated by nailing in order to avoid the risk of 
non-union. 
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BONE CONCAVITY CAUSED BY A GANGLION 
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The origin of the “ simple ” ganglion has been discussed fully by Carp and Stout (1928) 
The view that these cysts arise from aberrant islands of synovial tissue, or from herniation: 
through the linings of joints or tendon sheaths, has been abandoned for the reason that they 
are never lined with synovial endothelium, nor do they contain synovial fluid. It is mor 
likely that a ganglion is due to mucoid degeneration of the collagen of connective tissue 
possibly in consequence of injury. The degenerative change begins in many microscopic 
centres which coalesce to form one or more cystic swellings lined by laminae of compressec 
fibrous tissue. King (1931) made the interesting suggestion that a ganglion arose not by « 
process of degeneration but by primitive mucoid secretion of connective tissue cells, similar t« 
that which occurs in the embryo in the formation of joint spaces. A ganglion may of cours« 
have deep connections, but it does not usually involve the deeper structures and the report of < 
case in which there was considerable resorption of underlying bone may therefore be of interest 





Fic. 1 Fic. 2 
Radiograph of the ankle joint in May 1947 showing resorption of bone at the 
site of development of a ganglion (Fig. 1). The line drawing shows the main cyst 
just above the medial malleolus with a slender extension upwards along the posterior 
tibial border (Fig. 2). 


Case Report—A Polish airman, aged forty-four years, was seen in May 1947 complaining 
of a cystic swelling of four years’ duration in the region of the left medial malleolus. There 
was a history of injury in 1942, and there had been aching pain for some time before the 
swelling was noticed. Previous treatment by aspiration, and by attempted removal, had 
failed. Radiographic examination in September 1945 showed a cup-shaped depression in 
the bone just above the medial malleolus, within which the tumour had been found to be 
lying when it was exposed at operation. Histological section of the excised material was said 
to suggest a simple ganglion. 

On admission there was radiographic evidence of deep resorption of the tibia (Fig. 1). 
At operation the previous scars were excised and the cystic swelling was defined. It was 
one inch in diameter and contained pale yellow gelatinous fluid. It was closely adherent to 
the periosteum which actually formed the deep wall of the cyst within the bone concavity. 
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A lobulated part of the cyst extended upwards along the posterior border of the tibia for a 
distance of five inches (Fig. 2). The whole tumour, with a margin of surrounding tissue, was 
removed in one piece. The wound was closed without drainage and healing was uneventful. 
Microscopical examination confirmed the diagnosis of ganglion (Fig. 3). There was no 
evidence of recurrence five months later; the radiographic appearance was unchanged. 


Microscopic section of the wall of the cyst showing that there is no 
lining with synovial endothelium. The cell spaces in the wall of the 
cyst indicate the activity and mode of spread. 


Discussion—On clinical and histological grounds this cyst was undoubtedly an ordinary 
ganglion. Recurrence of the swelling after attempted removal at a previous operation could 
be explained by failure to excise the cyst-bearing area completely, or by continued spread 
of the degenerative process. The association of a simple ganglion with underlying bone 
change is unusual, and in a review of the literature I have been unable to find any record of a 
similar case. Erosion of the head of the tibia by cysts of the semilunar cartilages has, however, 
been reported by Fairbank and Lloyd (1934), Ghormley and Dockerty (1943), and Watson- 
Jones (1948). It appears probable that in this case the ganglion arose from the periosteum 
and caused erosion of bone before bursting into the subcutaneous tissues. This would explain 
the history of aching pain before the appearance of the swelling. 


My thanks are due to Dr G. Cunningham for his help in preparation of the histological section. 
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ISCHIO-FEMORAL ARTHRODESIS OF THE HIP 
BY POSTERIOR OPEN APPROACH 


W. B. FoLey, OxFrorD, ENGLAND 


I have been much impressed by the rapidity and solidity of the extra-articular fusio: 
of the hip joint that develops after osteotomy of the upper femoral shaft with insertio: 
between the cut femoral surfaces of a strong and wide tibial graft which is driven into th 
ischium, as described by Brittain (1942). During the years 1942-44 I carried out th 
procedure described by Trumble (1937). A tibial graft was inserted between the tuber ischi 
and the shaft of the femur without osteotomy. In a small series of cases, all much younge 
than those described by Trumble, I found that the results were disappointing because th 
graft nearly always failed to fuse at either the ischial or the femoral end. Nevertheless, 11 
performing Trumble’s operation I was struck by the excellent view gained of the sciati 
nerve, the upper femoral shaft, and the lateral aspect of the pelvis. It seemed feasible t: 
carry out the Brittain type of operation through this posterior approach under full vision, 
and with no risk of injuring the sciatic nerve. The first operation was performed in Novembe: 
1945. Since then it has been done in nineteen other cases. 


Posterior superior 
iliac spine 


Outline of gluteus - 
maximus 


Skin incision 
—_-=—-—-—=— Tape 


Sciatic nerve TS SS i 
> 


4 ° ¢ 
— Sciatic nerve 


Fic. 1 
Diagram of the gluteal 
region showing line of skin 
incision. (After Trumble.)* 


Fic. 2 


Diagram showing line of femoral 
osteotomy in relation to the 
pelvis and sciatic nerve. 


TECHNIQUE OF OPERATION 


The patient is placed prone on the operation table, rather near to the operator’s side 
so that the greater trochanter is easily accessible. The limb on the affected side is draped 
separately so that it can be manipulated by the operator. In earlier cases I used Trumble’s 
skin incision, but this has now been modified as shown in Fig. 1. It extends from near the 
posterior-superior iliac spine to the upper part of the great trochanter, with vertical extension 
downwards as far as may be necessary to give good exposure of the lateral aspect of the 
subtrochanteric region. 

The gluteus maximus muscle is split in the line of its fibres. Part of its fascial insertion 
and the fascia lata are divided in the subtrochanteric region. Wide retraction with self 
retaining retractors gives full exposure of the sciatic nerve, the lateral aspect of the pelvis 
the posterior part of the greater trochanter and upper femoral shaft, and the origin of th: 
Editorial comment—To be anatomically accurate the sciatic nerve in Fig. 1 should lie against the ischium 
The old surface marking, half-way between the ischium and greater trochanter, is quite wrong. Th: 
anatomists tell us so, and I have confirmed it both in the cadaver and at the operation here described 


Incidentally, is this not the ordinary Kocher posterior approach to the hip joint, and should it not b 
so described ? ASSISTANT EDITOR. 
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vastus lateralis (Fig. 2). A tape is passed round the sciatic nerve so that it can be drawn 
gently backwards and medially. The quadratus femoris muscle, which is often obvious at 
this stage, serves as a useful guide to femoral levels. The angle between the under-surface 
of the femoral neck and the side of the pelvis is inspected. It is often wise to palpate with the 
finger in order to confirm the level, and make sure that there is an area of good solid bone 
opposite the shaft of the femur, usually part of the pelvis below the acetabulum and above 
the obturator foramen. In earlier cases I made the mistake of following Trumble’s technique 


GLUTEUS MAXIMUS 
SPLIT 
SCIATIC 
NERVE 


QUADRATUS 
FEMORIS 


Fic. 3 


The operation area (semi-diagrammatic). Dissection of the short rotator muscles 
above the level of the quadratus femoris and below the neck of the femur gives 
adequate exposure of the lateral aspect of the pelvis. 


too closely and trying to place the graft posteriorly, towards the tuber ischii. This led to 
difficulty in fitting the graft because the femoral shaft is always in a plane in front of the 
ischial tuberosity. A point on the pelvis opposite the femoral shaft in the coronal plane 
must be selected (Fig. 3). It does not in the least matter what particular anatomical part 
of the pelvis this may be, so long as it is below the level of the acetabulum, and that it offers 
a sufficient area of solid bone for adequate penetration of the graft. When the line of the 
graft has been selected the vastus lateralis is split, and the periosteum of the femur is incised 
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Fic. 4 Fic. 5 


Case 1. Male, aged eleven years. Old tuberculous arthritis of the right hip joint with fibrous 
ankylosis (Fig. 4). Three months after operation there is evidence of bone fusion (Fig. 5). 


Fic. 6 Fic. 7 


Case 2. Male, aged twenty-one years. Old tuberculous arthritis of the left hip joint with fibrous ankylos s 
and adduction deformity (Fig. 6). Two years later the radiograph shows hypertrophy of the bone bridg » 
(Fig. 7). The adduction deformity has been corrected. Fusion is also occurring across the joint itsel 
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ind retracted with bone levers so as to expose the subtrochanteric region. The femur is 
livided completely with a sharp thin chisel or osteotome, and the instrument is driven on 
intil it can bé seen or felt in contact with the selected area of the pelvis. When this has been 
onfirmed, the chisel is driven in for a distance of from half to one inch. 

If it is so desired, a radiograph may then be taken to check the alignment of the chisel 
ind the depth of its penetration into the pelvis. Radiographic control is not essential because, 
‘ven without it, both direction and penetration can be determined easily. The chisel blade 
‘an be seen or felt entering the pelvis and, if its length is known, the depth of penetration 
‘an be calculated by subtracting the length of blade up to the point of entrance into the 
elvis from the known total length. It is still more simple to use a calibrated chisel. The 
same principle applies to the graft itself, provided that it is cut to a known length. Each of 
he first fifteen operations was done without radiographic control and later examination 
showed that there was no material error of direction or penetration of the graft. Nevertheless, 
radiographs taken during operation do offer an additional safeguard, and more recently I 
iave used them. 

The blade of the chisel should be appreximately equal to the width of graft to be used 
-that is to say, the width of the subcutaneous surface of the donor tibia. If the instrument 
used is too narrow it should be withdrawn and re-inserted in such a way as to lengthen the 
slot in the pelvis. A second chisel can be driven in above or below the first, or a thicker 
bladed chisel substituted for it, in order to increase the size of the slot and facilitate 


engagement of the graft. 

The chisel is left in position, and the wound is covered with a sterile towel. The opposite 
lower limb is then flexed at the knee joint and held by an assistant while a graft is cut in 
the manner described by Brittain. The periosteum is incised over the subcutaneous surface, 
completely stripped from the bone, and held retracted by two pairs of bone levers at the upper 


and lower limits. The length of graft should usually be five inches in an adult, and four 
inches in a child, thus leaving a short piece to be cut off after sufficient penetration of the 
pelvis has been obtained. The vertical saw-cuts should be along the margins of the sub- 
cutaneous surface of the tibia so that the graft will be as wide as possible, the saw blade 
being held obliquely in order to penetrate the medullary cavity. The ends of these longitudinal 
lines of section are joined by a transverse saw cut, vertical to the surface at the proximal 
end, but oblique at the distal end so as to bevel it. 

The bevelled end of the graft is engaged between the cut ends of the femur with its 
cortical surface towards the hip. This stage is facilitated by longitudinal traction on the 
limb in order to distract the femoral fragments. The graft is driven carefully along the upper 
surface of the chisel blade till it reaches the pelvis; the chisel is then withdrawn and the graft 
is hammered into the slot. Alternatively the chisel may first be withdrawn and the graft be 
directed along its track. Penetration of the pelvis should usually be about one inch in adults 
and half an inch in children, this being checked by subtracting from the known total length 
of graft the distance measured from its free end to the point of pelvic penetration. A second 
radiograph may be taken in order to confirm the level and penetration of the graft. The 
projecting end is then removed with the motor saw, flush with the lateral surface of the 
femur, and the fascial, muscular and skin incisions are sutured. 

At the end of the operation it will be found that the graft and upper femoral fragment 
re stable, but that the upper end of the lower fragment of the femur is fairly mobile against 
ihe under surface of the graft. This allows the surgeon to place the limb in the best position for 

ision. It was sometimes thought that if the patient were turned to the supine position for the 
pplication of plaster there might be some risk of displacing the fragments. This has been 
‘voided by applying a plaster spica with the patient in the prone position—which offers no 
‘oecial difficulty but calls for care in judging the position of the hip accurately. If post- 
‘ perative radiographs show that an error has been made in alignment of the limb, this can 
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be corrected by sectioning the plaster and swinging the limb into the position of choice— 
procedure that has been necessary in only two cases in this series. After eight or ten week 
the plaster spica is changed. In all but two cases there has at that time been firm clinica 
union with no detectable movement, or pain on handling. In nearly every case radiograph 
have shown union of the osteotomy. At this stage a short single spica with knee-jointe: 
caliper extension to the shoe has been used, so that the patient can walk with normal kne 
action. This is retained for a further two months, or until there is radiographic evidence 
sufficient fusion and consolidation to allow external support to be discarded. Illustrativ 
radiographs are shown in Figs. 4—7. 


SUMMARY OF RESULTS 


Ischio-femoral arthrodesis by posterior open approach has been performed in twent 
patients. Of these, one is still in hospital and is therefore excluded. In the other ninetee 
patients, operation was undertaken for tuberculosis of the hip joint in seventeen, and fo 
osteoarthritis of the joint in two. There has been no mortality and no wound infection. 


Age of youngest patient : : : ; : years 
Age of oldest patient . : ; 2 : - 62: years 
Average age ; ; : ‘ ; : : years 
Longest follow-up pe1iod ‘ : : ‘ : 3 years 
Shortest follow-up period. ; ‘ ‘ ; 8 months 
Average follow-up period : : . . 20 months 


There has been failure of fusion in only one case, that of an obese silat, aged fifty-two 
years, with osteoarthritis: nevertheless the functional result is satisfactory. In all other 
cases there was clinical and radiographic evidence of sound fusion. In practically every case 
this fusion was present at the time of removal of the first plaster, about ten weeks after 
operation. In a number of patients, especially the younger, there was some evidence of 
operative shock, and transfusion of blood or plasma during the operation is a wise precaution. 


SUMMARY 
1. An operation is described for ischio-femoral extra-articular arthrodesis of the hip joint 
by posterior open approach, based on the techniques of Trumble and Brittain. 
2. The operation has the advantages of affording adequate exposure of the sciatic nerve 
trunk and permitting visual control of the alignment and penetration of the chisel and graft. 
3. The operation has been performed successfully without serious shock or subsequent 
complications in eighteen cases, mostly of tuberculosis of the hip. 
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NEUROFIBROMA OF THE SOLE IN A CASE OF 
VON RECKLINGHAUSEN’S DISEASE 


E. G. HERZOG, M.R.C.S., L.R.C.P., M.B., B.S., ROTHERHAM, YORKSHIRE 
From the Orthopaedic Department of the Rotherham Hospital 


J. H., a miner, aged forty-four years, complained of a painful swelling on the sole of 
his foot. He said that this, and numerous other lumps on his body, had been present as 
long as he could remember. The tumour had recently become painful, but he did not 
think that it had changed in size. 


Fic. 1 Fic. 2 


Case of von Recklinghausen’s disease with many soft skin tumours (Fig. 1), and a neurofibroma 
of the sole (Fig. 2). 


On examination he. was found to be a typical case of von Recklinghausen’s disease. 
Numerous soft skin tumours, varying in size from a few millimetres to two centimetres in 
diameter, were found on his trunk, limbs, neck, and scalp (Fig. 1). He showed typical 
pigmentation. The tumour of the foot was well defined, soft in consistency and slightly 
tender (Fig. 2). It was removed on September 16, 1948, and the histological report (for which 
I am indebted to Dr C. Clarke) stated that it was a typical neurofibroma. 

The reason for publishing this case is that it refutes the statement made by von 
Recklinghausen in his original description of the condition in 1882, and frequently repeated 
by other writers, that these tumours (‘‘ molluscum fibrosum ’’) do not occur in the palms 
of the hands or the soles of the feet. 


I am grateful to Mr F. W. Holdsworth for his permission to publish this case. 
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SKIN GRAFTING BY CROSS-LEG FLAPS 
FENTON BRAITHWAITE and F. T. Moore, ENGLAND 
From the Queen Victoria Hospital, East Grinstead, Sussex 


Destruction of the skin and subcutaneous tissues of the lower limb is often associate 
with injury to underyling tendons or bone. Sometimes the skin lesions are allowed to hea! 
by granulation, or they are closed more rapidly by the application of split-skin grafts, anc 
the results of such treatment may be entirely satisfactory. But healing by granulation ofter 
leads to chronic ulceration, and healing by split-skin grafting may yield an inadequate anc 
unstable surface, ischaemia developing in each case in consequence of the strangling effect o! 
scar tissue. The importance of securing adequate skin cover before undertaking bone 
reconstruction operations was impressed repeatedly upon orthopaedic surgeons during the 
recent war. The most satisfactory skin cover is gained by means of a skin flap that includes 
subcutaneous tissue; and a whole-thickness skin flap which gains vascular supply from its 
margins and through its base may improve the nutrition of underlying tissues. In the case 
of the leg and foot a convenient donor area is provided by the opposite lower limb, and a 
flap applied direct from one lower limb to the other is known as a cross-leg flap. 

Blood supply of flaps—The blood vessels of the skin form a complex pattern and they 
may be divided into three main units. The first lies in proximity to the papillary layer of 
the skin and is connected by vertical branches with arterioles of the subdermal and sub- 
cutaneous systems. There is also a mid-dermal plexus which is chiefly, but not entirely, 
venous in constitution. A third plexus, which is situated immediately beneath the dermis, 
hypertrophies greatly in tube pedicles and open flaps and appears to carry the major burden 
of vascular nutrition. These facts suggest that, in skin, there is a plexus of vessels with 
collateral circulation which can be maintained despite such ischaemia as may occur during 
the raising of a flap. Each of the three vascular systems is superficial to the subcutaneous 
fat and, unless inclusion of fat is specifically indicated, most of it may be discarded safely. 
Design of flaps—lIn planning a cross-leg flap five important considerations must be borne 
in mind: 1) the basic relative positions of the limbs; 2) the size and shape of the lesion to 
be covered; 3) the ultimate purpose or function of the flap; 4) the site of the donor flap and 
disposition of its base; and 5) the age of the patient and vascular nutrition of the limbs. 


Basic position of the two limbs—It is seldom necessary to use ‘‘ acrobatic positions.” The 
recipient area must of course be brought close to the donor area but the position should 
be easy to maintain and tolerable to the patient. 

Size and shape of the lesion—The limbs are placed in one of the basic positions (Fig. 1) and 
the flap is designed on the donor limb in the situation that is most suitable. It is often 
wise to visualise the completed operation and then to reverse the steps of the procedure 
(Gillies 1932). The area of skin loss should be outlined carefully, and a replica be cut 
accurately from jaconet or tinfoil, making allowance for the increase in size of the lesion that 
always occurs after excision of the scar tissue. The length of flap should equal the width 
of the deficiency plus the length of its “‘ bridge’ (Figs. 2 and 3). An outline is drawn on 
the donor limb by reversing the jaconet pattern, due allowance being made for the “ bridge.”’ 
Future purpose of the flap—tThe general purpose of a flap is to cover an area where skin is 
lost, or where the quality of skin cannot serve the purpose required of it. If the flap is to 
cover a weight-bearing area it must include sufficient fat, but not too much. For weight- 
bearing purposes the thickness of the fat layer should not be greater than 0-5 cm. 

Site of the donor area and disposition of its base—In a flap that is well planned the donor 
area should never encroach upon the tendo Achillis or the anterior surface of the tibia. 
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Fic. 1 


The five basic positions of the lower limbs as used for cross-leg flaps. 


FREE GRAFT 


Alternative methods of lining the “‘ bridge’ with skin in order to minimise the 

risk of infection. Fig. 2 shows the technique when the scarred area (XC) is 

wide; the posterior part (AC) is excised at the detachment stage and covered 

with skin from the bridge of the flap (AB); meanwhile the bridge as well as the 

doner area is covered with a free graft. Fig. 3 shows the technique when the 

scarred area (XC) is smaller; a flap of normal tissue (DE) is turned back 
from the recipient limb to line the bridge of the flap. 
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If this principle is not observed, and the transferred flap fails to ‘‘ take,” the surgeon may 
be faced with the necessity of planning further operations to repair the defect he has 
created as well as the original defect. Whenever possible the skin flap should be taken 
from the fleshy part of the calf, and for direct transfer the base should measure not less than 
two-thirds the length. 

Age of the patient and vascular nutrition of the limbs—The age of the patient is less important 
than his general condition. This statement has limitations but, in general, a healthy man of 
fifty years will yield a more healthy flap than a young man who is recovering from the 
effects of a long-infected compound fracture. At the same time it must be recognised that, 
although the cross-leg position is often well tolerated by patients in middle age, convalescence 
may be prolonged by resulting stiffness of the knee joints and muscle wasting of the limbs. 


Fic. 4 Fic. 5 Fic. 6 


Case 1. Cross-leg flap for ulceration of leg due to chronic osteomyelitis. The outline is marked out on the 
skin (Fig. 4). After raising the flap the donor area is covered by a split-skin graft (Fig. 5). The legs are 
brought together and the flap is sutured to the recipient area after excision of all scar tissue (Fig. 6). 


Delayed transference of flaps—Delay in transference of the flap is sometimes imperative. 
The object of such delay is to encourage hypertrophy of the vessels of the sub-dermal plexus 
and thus improve the nutrition of the flap. Available methods include: 1) complete elevation 
of the flap and simple resuture in its original bed; 2) incomplete elevation of the flap, leaving 
a bridge of tissue at its extremity which is divided after an interval of ten to fourteen days. 
The first method has little to recommend it. If it is safe to raise a flap completely it is safe 
to transfer it at once. The second method is better and it should be adopted if the flap is 
based distally, if the patient is physically old or relatively unfit, if there is vascular insufficiency 
of the lower limbs, or if the length/base ratio of the flap exceeds 3:2. In elderly patients, 
and those with vascular insufficiency, it is wise to arrange postural vascular exercises for 
some time before cutting the flap. 

Indications and contra-indications for cross-leg flaps—Skin grafting by cross-leg flaps 
is indicated for simple unstable scars of the leg and foot, unstable scars associated with 
chronic osteomyelitis or old compound fractures of the leg and foot, irradiation burns, 
unstable scars of the leg or foot due to burns or frost-bite, trophic ulceration, old varicose 
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ulcers which are adherent to the tibia, painful scarred areas in weight-bearing areas, and 
scarred or unstable skin in regions where recoristructive operations are needed such as bone 
grafts, tendon reconstructions or nerve grafts. 

Cross-leg flaps are unsuitable in young women, children, and the aged. They are unsuitable 
for very small lesions. They should not be used when “ acrobatic’ positions of the limbs 
would be necessary, when there is arthritis of the knee or hip joints, or in patients of unstable 
mentality. Young women—In young women it is inadvisable from the aesthetic point of view 
to use the calf of the sound limb as a donor area because the resulting scar is always visible. 
It is better to use abdominal pedicles or “ indirect flaps.”” The aged or physically old—These 
patients, especially when their mentality is unstable, do not tolerate the discomfort of an 
unusual position; nor do they easily withstand the several operations that are needed. 
Moreover their joints become stiff, muscles waste, and pressure sores occur. It is better, if 
possible, to close the defect by a free skin graft in spite of the deficiences of such grafts. 


“it 
Fic. 7 Fic. 8 


Case 2. Unstable scar encircling the leg, eighteen months after injury (Fig. 7). Attachment stage of 
cross-leg flap is seen in Fig. 8. Because of the excessive length/breadth ratio, double delay was 
necessary to ensure vitality of the flap. 


Children—Young children are often distressed by the postural restrictions needed for a 
cross-leg flap. Skin deficiencies should be closed by free skin grafts—a method of repair 
that is more satisfactory in children than in older patients. Alternatively a flap may be 
transposed from an adjacent area in the same limb with free grafting of the secondary defect. 
Very small lesions—In small lesions transposition of a full-thickness flap from the same limb, 
with free grafting of the secondary defect, should be the method of choice. 

Lesions of the knee and hip joints—When there is chronic arthritis of the knee joint replacement 
of skin by means of a cross-leg flap is contra-indicated because immobilisation, even for three 
weeks, may cause joint stiffness which is difficult to overcome. 

Maintaining the cross-leg position—The required position can be maintained by simple 
crépe bandages, plaster-of-Paris bootees and crépe bandages, or plaster-of-Paris splints 
including the knee joint and thigh. Each of these methods has its merit and its indication, 
but immobilisation in plaster splints appears to be the method of choice. The purpose of 
fixation is to maintain proximity of the donor and recipient areas, and to minimise strain on 
the flap. Bandages alone may not suffice and if they are used special care must be taken to 
prevent pressure sores between the limbs. 
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When plaster fixation is to be employed the splints should be applied the day before 
operation with the limbs in one of the basic positions. The plaster should be appliec 
separately to each limb in such a manner that a sufficient area is left free round the dono: 
and recipient regions. After operation the two casts are joined together by wooden struts 
fixed by means of plaster bandage. If plaster is first applied after the operation is completed 
when the muscles of the limbs are lacking in tone and the position must be maintained by 
assistants, great care and attention is needed if harmful tension on the flap is to be avoided 
and it is sometimes difficult to secure the most comfortable position in which there is least 
danger of pressure sores. The fact that the thigh may be covered by a plaster, applied before 
operation, so that it is no longe1 
available as a donor site for the 
free graft needed to cover the 
area from which the flap is 
taken, is not a serious objection. 
The skin of the abdomen is 
still available and it has many 
advantages. 

The attachment stage—A 
flap is raised from the donor 
area according to the outline 
that has been marked out. Deep 
fascia is not included with the 
Fic. 9 flap. Unless the subcutaneous 
fat is very slight the flap is 
thinned. The donor area is then 
covered by a split-skin graft, 
and pressure is maintained 





by oversewing a flavine wool 
dressing. It is recommended 
that the “ bridge” area of the 
flap should also be lined by 
means of a split-skin graft, or 
by a small direct flap from the 
recipient leg, so that the smallest 
possible area of the flap shall 
remain raw and exposed (Figs. 2 





Fic. 10 Fic. 11 


and 3). The recipient area is 
Case 3. Crushed foot with loss of toes. Chronic ulceration of a xcised and all s tis . 
transferred flap due to inadequate excision of scar tissue before excised and all scar tissue 1S 
application of the flap (Fig. 9). After thorough excision of scar removed. The flap is then 
tissue a further cross-leg flap has been applied (Fig. 10) with a 


satisfactory end-result (Fig. 11). applied to the deficiency and 


it is sutured to its margins. 

The area of attachment of the flap should be not less than 60 per cent. of its total area. 
In Fig. 2 the recipient area extends from X to C. The flap XAB covers only the extent XA, 
leaving scar tissue over the area DC to be excised later. The donor area YE, and the “ bridge ’’ 
area DE, are covered by free skin graft. In Fig. 3 the deficiency XC on the recipient limb 
is smaller than in Fig. 2, and a flap of normal tissue DE can be turned back from the recipient 
limb to line the bridge of the flap. Each method ensures that infection is minimal, and that 
the bridge remains supple and easy to manipulate during the detachment stage. Ifthe bridge 
is not grafted it becomes infected, hard, oedematous, and covered by sprouting granulations. 
Sutures—Vertical mattress and simple everting stitches of fine waxed silk are used. Suture 
material stronger than this is not required. If this technique is followed it is impossible to 
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suture a flap under tension. Small anchoring sutures are used to fit the flap snugly into 
concavities on the recipient site. - 

Complications—The three major complications are: haemorrhage under the flap ; infection 
of the flap ; and necrosis of the flap. 

Haemorrhage—With adequate care this complication can usually be avoided. Bleeding 
is often venous and due to pressure from a bandage applied tightly round the limb 
proximal to the field of operation. If a haematoma forms under the flap, or under the graft 
covering the donor area, the haematoma should be evacuated in the operating theatre and 
the bleeding point secured. 

Infection—If the recipient area is a chronic ulcer, slight infection may take place. Nevertheless 
the resistance of cross-leg flaps to infection is high. The presence of B. Pyocyaneus, B. Proteus 
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Case 4. Chronic ulceration over the front of the ankle after compound fracture with disorganisation 
of ankle joint (Fig. 12). Arthrodesis must be deferred until satisfactory skin cover has been 


secured. Fig. 13 shows the attachment stage of a cross-leg flap. The condition shortly after 
detachment of the base is seen in Fig. 14. 


or B. Coli is not necessarily harmful. The potentially dangerous invaders such as haemolytic 
streptococcus and staphylococcus can be controlled by the use of systemic penicillin. 
Necrosis of the flap—Necrosis is usually due to interference with the blood supply of the flap. 
Cyanosis is often the first indication, most flaps dying in congestion and not in pallor. The 
causes of necrosis are: a) haematoma forming under the flap; 5) bad adjustment of the - 
relative positions of the limbs, or inadequate fixation of the limbs, leading to kinking of the 
bridge; c) constriction of the base of the flap due to pressure by bandages or dressings, or 
to badly placed stitches; d) inadequate removal of scar tissue from the recipient area. 
Difficulties in the attachment stage—During the attachment stage difficulties may arise 
owing to the nature of the surface to be covered. It is more difficult to cover a concave 
surface than a convex or flat surface. Concavity of the recipient area is usually due to loss 
of bone, for example a saucerised cavity in the subcutaneous surface of the tibia. In such 
a case the cavity may first be filled with bone chips in order to improve the seating of the 
flap. If this method is used certain precautions are necessary: 1) sclerosed bone lining the 
cavity must be removed thoroughly; 2) the flap should be larger than the bone cavity in 
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Case 5. Persistent ulceration over the heel and front of the ankle resulting from 

pressure sores in a prisoner-of-war (Figs. 15 and 16). Double flaps were marked out 

on the opposite calf (Fig. 17). Cross-leg flaps were applied simultaneously to the two 
areas of skin-loss (Fig. 18) with a satisfactory result (Figs. 19 and 20). 
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SKIN GRAFTING BY CROSS-LEG FLAPS 


order that it may gain sufficient nutrition from around it; 3) the flap must cover the whole 
deficiency so that the operation is “‘ closed”; 4) the chips must be of cancellous bone and 
include no cortical bone which might sequestrate. 

The detachment stage—The flap must not be divided earlier than three weeks after its 
attachment. The confining bandages or plasters are then removed and the limbs are held in 
position until the base of the flap is severed. The line of section depends upon the condition 
under which the flap was attached (Figs. 2 and3). Ifthe conditions are as in Fig. 2 the flap is 
divided at B; the scar CD is excised and AB is seated into the deficiency caused after excision 
of its covering free skin graft. If the conditions are as in Fig. 3 the part AB is returned to 
the donor limb and such parts of DE as may be required are returned to the recipient limb. 
After the detachment stage light pressure is applied to the area by encircling crépe bandages. 
Post-operative management—The day after operation, exercises are practised once more. 
In older patients some stiffness of the knee joint is usual, but as a rule full movement is 
regained quickly. A crépe bandage is applied to both lower limbs for four weeks, thus 
preventing oedema. Walking is resumed after ten to fourteen days, but direct transmission 
of weight through transferred flaps should be delayed for six to eight weeks, crutches being 
used meanwhile. Even after that, transferred flaps that carry weight should be protected by 
sorbo pads until sensation is restored. 

Flaps on the feet sometimes show vascular abnormalities such as cyanosis or persistent 
coldness. Cross-leg flaps with such changes may be divided into: 1) flaps applied upon bases 
from which scar tissue has been excised inadequately; 2) flaps applied upon limbs with post- 
traumatic peripheral vascular abnormality ; 3) flaps applied to limbs with vascular abnormality 
present before injury. If the foot and leg as a whole is warm, and only the flap is cold and 
blue, the cause is inadequate excision of scar tissue before the flap was applied, and the 
cyanosis and coldness will usually disappear when the scar softens. If impairment of 
circulation is the result of injury the condition often improves within about two years of 
injury. Lumbar sympathectomy is sometimes of value, particularly in patients who complain 
of burning pain in the region of the original injury. Active use of the limb is helpful in 
overcoming disuse atrophy. Pre-existing vascular disease should, of course, have been dealt 
with before plastic surgery was undertaken. 


SUMMARY 
1. After limb injuries with loss of skin and subcutaneous tissue, full-thickness skin flaps 
afford the most satisfactory cover. It is particularly important to replace unstable and 
scarred skin before attempting bone reconstruction and similar operations. 
2. In the leg and foot, full-thickness skin cover is conveniently obtained by the cross-leg 
flap technique. The blood supply of such flaps is considered and the technique of operation 
is described. Free excision of avascular scar tissue is essential. 
3. ‘‘ Delayed transfer ”’ of the flap is advisable unless conditions are favourable ; two methods 
are considered. 
4. Immobilisation in plaster is the most satisfactory method of fixation of the limbs after 
attachment of the flap. Muscle exercises are performed throughout the period of treatment 
in order to minimise joint stiffness and shorten convalescence. 
5. The cross-leg flap technique should not usually be used in children, young women, or the 
aged and mentally infirm. Contra-indications include arthritis of the knee and hip joints 
because there is danger of joint stiffness. 
6. Vascular complications of cross-leg skin grafting are discussed. 


The authors wish to thank Sir Archibald McIndoe for his help and also Mr Robin Dale for his diagrams, and 
Mr Gordon Clementson for his photographs. 
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THE PATHOLOGY OF 
OSTEOCLASTOMA OR GIANT-CELL TUMOUR OF BONE 


R. A. WILLIS, Lonpon, ENGLAND 
From the Department of Pathology, The Royal Cancer Hospital, London 


Changing views as to the nature of this tumour have led to a diverse and confusing 
terminology—myeloma, myeloid sarcoma, tumeur a myéloplaxes benign giant-cell tumour, 
osteoclastoma and ‘chronic (non-suppurative) hemorrhagic osteomyelitis ’’ being only 
some of the names applied to it. Most of these terms are inappropriate and should be discarded 
—myeloma and myeloid because the tumours are not derived from any constituent of 
bone-marrow, Nélaton’s tumeur a myéloplaxes because the tumour giant-cells are certainly 
not megakaryocytes, and Barrie’s “‘ chronic hemorrhagic osteomyelitis ’’ because its falsity 
was exposed promptly by Stewart in 1922. Giant-cell tumour is a non-committal and 
satisfactory name, so long as it is not invariably linked, as Bloodgood linked it in 1924, 
with the adjective benign. 

The term “ osteoclastoma ”’ was first used in Great Britain by Stewart in 1922 and was 
later adopted by most British pathologists. There now seems little room for doubt that this 
expresses correctly the histogenesis of the tumour. The close similarity between the tumour 
giant-cells and the larger osteoclasts of bone-resorptive lesions, the identity of appearance 
of the tumour tissue with that of the masses of mingled fibroblastic and osteoclastic tissue 
in hyperparathyroidism (often wrongly called osteoclastomata for this very reason), and the 
conspicuous bone-resorptive effect of the tumours, together afford conclusive evidence of 
the osteoclastic nature of the tumour cells. There are still those who, like Jaffe et al. (1940), 
object to this view and prefer the histogenetically neutral name ‘“‘ giant-cell tumour.” This 
purely descriptive, non-histogenetic name is satisfactory; but in my view the objections 
urged by Jaffe and others against the term osteoclastoma are of little weight. 

It must be added that the name osteoclastoma does not necessarily imply specific 
derivation from differentiated osteoclasts, for the osteoclast is not an immutable self- 
perpetuating kind of cell. The structure and development of bone, both in normal and in 
pathological states, show plainly that the several types of cells concerned in the formation 
and modelling of bone—chondroblast, skeletal fibroblasts, osteoblasts and osteoclasts— 
are not distinct invariable species; they are readily interconvertible, even in adults. 
In particular, it is clear that osteoblasts and osteoclasts are but functional variants of cells 
of the same type. When these cells, by virtue of ambient conditions, are functionally 
concerned in elaborating alkaline phosphatase and laying down new bone, or in actively 
maintaining bone already there, they are osteoblasts; when by virtue of ambient conditions 
they are concerned in bone resorption, they are osteoclasts. The osteoblast of to-day may be 
the osteoclast of to-morrow, and vice versa; and this reversal of function probably amounts 
to no more than slight alteration in the nature or quantity of the enzymes formed by the 
cells. Dawson and Struthers (1923) showed that normal osteoclasts are formed by syncytial 
fusion of fusiform or stellate mononucleated cells. In bone-resorptive areas it is often clear 
that many of these are osteoblasts recently liberated from their calcified matrix. The 
development of osteoclasts by aggregation of smaller cells is reflected in the structure of the 
osteoclastoma, which consists of a mixture of large multinucleated and small fusiform or 
polyhedral mononucleated cells. Since osteoblasts and osteoclasts are no more than reversed 
functional phases of cells of the one kind, we might conveniently call them all “ bone- 
formative cells.” An osteoclastoma is a tumour of these cells in which the functional bias 
is osteoclastic rather than osteoblastic. 
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Age, sex and site incidence of osteoclastoma—Age—Most large series of cases, for 
example those of Kolodny (1927) and Christensen (1925), show that about two-thirds of 
these tumours develop before the age of thirty years, the greatest number being in the 
third decade. Young children and the elderly are seldom affected; the youngest and the 
oldest patients in Kolodny’s series were aged six years and sixty-eight years respectively. 
Stewart also reported an example from a child six years old. Sex—Males and females are 
about equally affected, females preponderating slightly (Kolodny 1927, Christensen 1925). 
Site—About half the tumours arise in bones of the lower limb, and one-quarter in the 
upper limb. With few exceptions they occur at the ends of the bones. The commonest 
sites in order of frequency are: the distal end of the femur; proximal end of the tibia; 
distal end of the radius; proximal end of the humerus; distal end of the ulna; and proximal 
end of the fibula. The remaining 25 per cent. 
of tumours arise in bones of the head and trunk. 
Lord and Stewart (1943) gave special reference 
to osteoclastomata of the skull. 

It has been stated by Kolodny (1927), 
Jacobson (1940) and Jaffe (1940), that giant-cell 
tumours often start in, or predominantly involve, 
an epiphysis; and it has even been suggested 
that they should be called epiphysial giant-cell 
tumours. This idea, which has arisen for no other 
reason than that the tumours show a striking 
predilection for the ends of long bones, is incorrect. 
An osteoclastoma in a young bone with an 
epiphysis that is not yet fused is situated not in 
the epiphysis but in the metaphysis; the epiphysial 
line is intact, as in the case of the children 
reported by Stewart (1922) and Burlend and 
Harries (1924), and in the specimen depicted by 
Martin (1930) which is still preserved in the 
Hunterian Museum of the Royal College of 
Surgeons of England (Fig. 1). Even in Kolodny’s 
own account, in which he upheld an epiphysial 
origin, the radiographs depicted in figures 93 and Specimen of cystic osteoclastoma of tibia 
98 of his article afford evidence against this in a girl aged fourteen years, showing the 

: j . : epiphysis intact except for a small breach 
view. Two illustrations of giant-cell tumours by of the epiphysial cartilage. The specimen, 
Illingworth and Dick (1941—figures 64 and 65) ee cs eas OF tae Heoeeh Calne 
show that the tumours were situated in the of Surgeons of England. 
metaphyses. 

Structure of the osteoclastoma—Young healthy tumours are uniformly red, brown, 
or sometimes pale; they are usually soft and friable. Older tumours are altered by 
fibrosis, cyst formation, haemorrhage, pigmentation, yellow necrosis or calcification. Early 
expansion of the bone tends to be uniform in all directions, but later it may become irregular 
and eccentric. Not infrequently, tumours of the lower end of the femur begin in one or 
other condyle. A prevalent impression that the radiographic appearances, and especially 
the multilocular or ‘‘soap-bubble’”’ appearances, of osteoclastomata are distinctive, is 
erroneous; similar appearances can be produced by other expanding non-osteogenic tumours. 
Microscopical structure—The microscopical features of healthy parts of the tumour are 
characteristic. The admixture of fusiform or rounded cells and multinucleated giant cells, 
and the absence of any signs of osteoid or bony differentiation, is unlike that of any other 
bone tumour. The giant cells measure up to 100u or more in diameter and each possesses many 
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nuclei, sometimes as many as fifty in a single section (Figs. 2 and 3). These nuclei are identical! 
with those of the mononucleated cells, and there are appearances that suggest that giant 
cells are formed by fusion of the mononucleated cells. Mitotic figures may be found in small 
numbers in the mononucleated cells, but they are seldom if ever found in the giant cells. 
The vascularity varies greatly, the vascular channels are thin-walled, and the tumour cells 
abut closely on them. Secondary changes are often conspicuous, including haemorrhages 
cysts, areas of pigmentation or fibrosis, and accumulations of lipoid-laden foam cells. These 
changes give older tumours a variegated appearance. 

Behaviour of the osteoclastoma—In most osteoclastomas, with characteristic clinical and 
histological findings, the tumours pursue a benign course, grow slowly, do not transgress 


Fic. 2 


Microscopic structure of osteoclastoma, showing multinucleated giant 
cells and smaller mononucleated fusiform or polyhedral cells (650). 


the periosteum, do not metastasize, and are curable by local removal. Nevertheless, as was 
insisted by Stewart, incomplete removal is followed by recurrence. Moreover, some 
tumours do transgress the bone cortex and periosteum, and invade surrounding tissues. 
Lord and Stewart (1943) described an osteoclastoma of the temporal bone which invaded the 
external ear and the transverse sinus, and infiltrated the cerebellum. There are now many 
reports of osteoclastomata that have metastasized to lymph glands, lungs or other parts 
(Willis 1934, Korchow 1933, Jaffe e¢ al. 1940). King and Jaffe e¢ al. have attempted to 
correlate the cytology of the tumours with their prognosis. 

Several writers have supposed that when a giant-cell tumour runs a malignant course, 
sarcomatous change has supervened in a tumour that formerly was benign. This is an 
unwarranted assumption, and it is based on the prevalent but erroneous idea that a sharp 
separation can be made between “ innocent ” and “ malignant” tumours. The truth is that 
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osteoclastomata, like most other groups of tumours, show a range of structure and behaviour; 
and that a few, not initially distinguishable from their benign fellows, invade and metastasize. 
This malignant behaviour does not presuppose any essential change of growth; it is a property, 
ab initio, of certain members of the class. In some malignant cases, for example those reported 
by Finch and Gleave (1926) and Dyke (1931), the structure of the metastases did not depart 
greatly from that of tumours of benign behaviour. 

Chondromatous osteoclastomata—tThese rare tumours resemble ordinary osteoclastomata 
in the rate of growth, and the radiographic appearance, but when cut the tissue is 
found to be partly or wholly cartilaginous. Codman (1931) described nine such tumours, 
all in the upper end of the humerus. They may occur also in other situations, for example 


Fic. 3 
Osteoclastoma giant cells containing more than fifty nuclei in the plane 
of section (x 650). 


in the tibia (Willis 1948). Microscopically they show areas of giant-cell tissue, identical in 
appearance with that of osteoclastoma, but mixed more or less intimately with cartilaginous 
tissue and with transitions between the two. From their structure it appears that the 
cartilage cells and the cells of the osteoclastomatous areas are the same, differing only in the 
presence or absence of a cartilaginous matrix. We are thus forced to the conclusion that 
proliferating chondroblasts and osteoclasts are related and mutually interconvertible. 
Jaffe and Lichtenstein (1942) deny that this kind of tumour is related to the ordinary 
giant-cell tumour; they regarded such tumours as “ benign chondroblastomata”’ with 
incidental inclusion of giant cells. Nevertheless in the case that I have examined, as in 
Codman’s cases, the structure appeared to me to show clearly that a cartilaginous variant of 
genuine osteoclastoma does indeed exist. 

Lesions resembling osteoclastoma—Masses of tissue with a close structural resemblance 
to osteoclastoma, and often called ‘‘ osteoclastoma,” are found in generalised osteitis 
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fibrosa (hyperparathyroidism), and less commonly in localised osteitis fibrosa. Such masses 
are not true tumours even when they attain large size, as in the case described by Mathers 
and Cappell (1938). They have no power of independent progressive growth and they 
disappear when the bone reforms. 

The close resemblance of osteoclastoma tissue to masses of osteoclastic tissue in bone 
resorptive lesions is no more surprising than the close resemblance of chondroma to norma! 
cartilage, or of some osteosarcomas to reparative osteoid tissue. At the same time, the very 
fact that the tumour tissue can resemble reactionary osteoclastic tissue perfectly, is itself 
good evidence that the former is indeed osteoclastoma. 

“Myeloid ’’ epulides should not be grouped indiscriminately with osteoclastomata 
because, again, resemblance does not denote identity. In many epulides the giant-celled tissue 
is clearly no more than inflammatory granulation tissue. The giant cells are often smaller and 
less regular than those of osteoclastoma; they vary in number, and there is often phagocytic 
inclusion of haemosiderin. Most epulides, both “‘ myeloid”’ and fibrous, are granulomas: 
they are non-invasive; very often they do not recur even after incomplete removal; and 
sometimes they retrogress spontaneously. Rarely, true tumours—osteoclastomata or fibro- 
sarcomata—may arise from the jaw or its periosteum, but these should be distinguished 
from the ordinary non-neoplastic epulis. 

Giant-celled tumours of synovial tissues also should be distinguished from osteoclastomata, 
which indeed they seldom resemble. The structure of synoviomata is very variable—giant- 
celled, fibrous, cartilaginous, bony, mucinous, or mixtures of these. The common giant-celled 
tenosynovioma is often also fibromatous. The structure, as well as the situation, of these 
tumours in relation to tendon sheaths and not tendons, disproves the contention of Geschickter 
and Copeland (1936) that they arise from sesamoid bones. 
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TREATMENT OF GIANT-CELL TUMOURS OF BONE 


With a Review of Twenty-five Cases 
T. M. Prossor, Lonpon, ENGLAND 
From the Radiotherapy Department, Westminster Hospital, London 


Giant-cell tumour of bone is well recognised as a clinical and pathological entity but 
survey of the literature shows that there is much variation of opinion as to the relative merits 
of treatment by surgical intervention and irradiation. In this paper, which includes a review 
of twenty-five cases, an attempt has been made to assess the value of these methods. 
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Fic. 1 


Macroscopic specimen of benign giant-cell tumour involving the 
epiphysial and juxta-epiphysial region at the lower end of femur. 


HISTORICAL NOTE 

Lebert (1845) first described giant cells in medullary tumours; but tumours of this type 
were known earlier. They were described by Cooper and Travers in 1818. Robin (1850) 
reported benign tumours of bone with many giant cells. Sir James Paget (1853) introduced 
the name “ myeloid tumour.” Nélaton described forty-six cases in 1860. Both Nélaton and 
Paget believed that the tumours, though usually benign, could recur after removal and 
might become malignant. Gray (1856) thought that the condition was always benign. 
Bloodgood (1910, 1912) emphasized the benign nature and recommended that the tumours 
should be treated conservatively; in 1919 he reported forty-seven cases cured by curettage 
and bone grafting, and he proposed the term “ giant-cell tumour.”” Geschickter and Copeland 
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(1930, 1936), reporting 105 cases treated by curettage, said that there was recurrence in 
thirty-one cases, sixteen of which were cured after a second or third operation. Meyerding 
(1945) reported forty cases treated by excision and bone grafting with excellent results. 

The treatment of benign giant-cell tumours by irradiation has been recommended 
increasingly during the last two decades (Herendeen 1924, 1926, 1931; Coley 1927; Kolodny 
1927; Pfahler and Parry 1932; Ewing 1940; Cade 1940, 1941; Cade et al. 1947; Coley 1942; 
Mercer 1944; Shorvon 1946). In 1943 Brailsford said that the diagnosis could be established 
by radiography alone, and that biopsy was neither necessary nor desirable; irradiation was 
the treatment of choice; but Mandeville and Howe (1944) emphasized the need for reports 
of proved cases treated by irradiation alone and said that ‘“ until such reports are made, 
Roentgen therapy cannot be properly evaluated or considered the treatment of choice for 
giant-cell tumours of the long bones.” 

How then is the lesion to be treated? Should it be treated by surgery alone or by 
irradiation alone? Should surgery and irradiation be used together? Should surgery be used 
in some cases and irradiation in others? 


CASE RECORDS 


Case 1. Female, aged 5 years, under the care of Sir Stanford Cade. History—December 1941, 
radiographic evidence of recurrence of benign giant-cell tumour of the upper end of the left humerus, 
removed by curettage six months previously. On examination—Smooth, painless swelling of the upper 
end of the bone; movements of the shoulder joint full and painless. Tveatment—High voltage X-rays, 
tumour dose 1170r. The patient is well to date; under observation for six years; no interruption of bone 
growth at the epiphysis. 


Case 2. Male, aged 14 years, under the care of Dr F. M. Allchin. History—1938 pathological fracture 
of the upper end of the right humerus; radiographs showed benign giant-cell tumour; treated by curettage 
and bone graft; sustained a second pathological fracture in November 1944; radiographs showed recurrence 
of the tumour. On examination—Smooth, hard, tender swelling of the surgical neck of the right humerus. 
Treatment—December 1944, high voltage X-rays; tumour dose 2000r. in three weeks; pain disappeared; 
one month later radiographs showed early recalcification which was complete in three months. Well and 
free from symptoms to date; under observation for three years. 


Case 3. Male, aged 16 years, under the care of Dr F. M. Allchin. History—In 1936, when aged 7 years, 
a symptomless benign giant-cell tumour of the upper end of the right femur was treated by curettage and 
bone graft; well until 1942 when there was recurrence with pain; radiographs showed absorption of the 
graft. On examination—Wasting of the muscles of the thigh; limitation of movement of the hip joint; 
tenderness on palpation. Tveatment—High voltage X-rays. First course, June 1942; tumour dose 2000r. 
in three weeks; pain relieved; recalcification noted. Second course, February 1943; tumour dose 2000r. 
in three weeks. Third course, December 1943; teleradium unit, tumour dose 2300r. in eight weeks. Fourth 
course, March 1946; high voltage X-rays, tumour dose 1000r. in two weeks. Has been well since; under 
observation for three years. 


Case 4. Female, aged 33 years, under the care of Dr F. M. Allchin. History—January 1941, pain 
and swelling of the left side of the mandible; radiographs showed large benign giant-cell tumour of the 
body and ramus of the mandible; removed by curettage. February 1942, recurrence of tumour. On 
examination—Firm, smooth, tender swelling of the body and angle of the left mandible; skin and mucous 
membrane normal. Tyveatment—High voltage X-rays. First course, February 1943; tumour dose 2000r. 
in three weeks; radiographs showed recalcification. Second course, July 1943; tumour dose 2000r. in 
three weeks; pain diminished with further calcification. Third course, October 1943; teleradium unit, 
tumour dose 2100r. in three weeks; tumour shrank to half original size. July 1947, no evidence of 
recurrence. 


Case 5. Female, aged 25 years, under the care of Mr G. T. Mullally. History—April 1944, complained 
of pain in the right thumb, first noticed two weeks earlier while wringing clothes. On examination— 
Fusiform swelling of the thumb metacarpal which was tender, firm, and smooth; pain on movement oi 
joints; radiographs showed expansion and rarefaction of the bone (Fig. 2); progressive increase of symptoms 
Treatment—Tumour removed by curettage; histological examination confirmed the diagnosis of giant-cell! 
tumour; swelling soon reappeared; in six weeks it reached the size of a small orange. High voltage X-rays; 
first course, June 1945; tumour dose 1894r. in two weeks; subsequent shrinkage of lesion and evidence of 


THE JOURNAL OF BONE AND JOINT SURGERY 






















































TREATMENT OF GIANT-CELL TUMOURS OF BONE 243 











in recalcification. Second course, October 1945; tumour dose 876r. in one week. Third course, January 
ng 1946; tumour dose 1460r. in two weeks; considerable regression. Still swelling of the thumb and little 
movement but no pain; the lesion appears to be quiescent. 
ed Case 6. Female, aged 45 years, under the care of Sir Stanford Cade. History—November 1938, pain 
ny in the right hip of increasing severity ; September 1939, swelling in the region of the right buttock. November 
f 1939, excision of benign giant-cell tumour; diagnosis confirmed histologically. On examination—Large, 
2; smooth, slightly tender tumour of the right ischium reaching the inguinal ligament above and the lesser 
ed trochanter below; skin over the tumour normal; all movements of the hip joint limited. Tyvreatment— 
ras First course, March 1940; high voltage X-rays, tumour dose 620r. in one week. Second course, April 1940; 
rts teleradium unit, tumour dose 4429r. in five weeks; pain progressively less; radiographs showed shrinkage 
Je, and recalcification ; sinus persisted for several months but closed by August 1941. Has remained well to date; 
lor under observation for eight years. 

Case 7. Male, aged 14 years, under the care of Dr F. M. Allchin. History—1945, pathological fracture 
by of the right humerus. On examination—Smooth, tender swelling of the upper end of the humerus; skin 

over the tumour normal; movements of the limb full and 
sed painless; radiographs showed giant-cell tumour of the 

upper end of the right humerus. Tveatment—High voltage 

X-rays. First course, November 1943; tumour dose 

1400r. in four weeks; symptoms relieved. January 1944 
41, radiographs showed considerable recalcification. Second 
rus, course, May 1944; tumour dose 1400r. in two weeks. 
per April 1945, radiographs showed increasing calcification. 
LyS, Patient remained well until August 1947 when he died 
one from poliomyelitis. 

Case 8. Female, aged 56 years, under the care of 
bure Dr F. M. Allchin. History—1944, pain and swelling of 
age the left side of the jaw of several months’ duration. 
nce On examination—Firm, smooth, tender swelling of the 
rus. left lower jaw; radiographs showed a benign giant-cell 
red; tumour of the body and ramus of the mandible. 
and Treatment—Teleradium unit ; first course, January 1944; 

tumour dose 2400r. in three weeks; marked shrinkage 

of tumour; pain diminished. Second course, July 1944; 
ars, tumour dose 2400r. in two weeks. One month later pain 
and gone; radiographs showed recalcification of the trans- 
the lucent area. Well to present time; under observation for 
pint ; four years. 
00r. 

\00r. Case9. Male, aged 37 years, under the care of Dr F. M. 
urth Fic. 2 Allchin. History—1941, increasing pain and difficulty 
nder Case 5. Radiograph of benign giant-cell tumour in movement of the left knee. On examination—Hard, 
of the metacarpal of the right thumb. The thin tender swelling fixed to bone at the upper end of the 
bone shell is absent in places. left tibia; skin over tumour normal; radiographs showed 
pain benign giant-cell tumour. Tveatment—High voltage 
f the X-rays; first course, October 1941; tumour dose 2640r. in two weeks; pain but little relieved. Second 
On course, February 1942; tumour dose 2850r. in two weeks; some recalcification but pain persisted. Third 
cous course, March 1943; tumour dose 2160r. in three weeks; pain relieved but still present; recalcification 
)00r. increasing. Fourth course, January 1944, teleradium unit; tumour dose 2331r. in two weeks. After the 
r. in last course there was considerable relief; radiographs showed marked increase of calcification, but never 
unit, complete. November 1947, severe pain recurred; there was fluid in the joint; radiographs showed 
e of articular cartilage ruptured; amputation advised. 

Case 10. Male, aged 32 years, under the care of Sir Stanford Cade. History—1945, pain in the left 
ruined cheek one month after injury to the maxilla; radiographs showed benign giant-cell tumour of left maxillary 
jon— antrum. Tveatment—Curettage, followed by high voltage X-rays, tumour dose 1800r. in four weeks; no 
nt ot recurrence. Radiographs now show consolidation of the maxilla; the antrum is clear; well to date; under 
coms observation for three years. 
t-cell 
rays; Case 11. Female, aged 19 years, under the care of Dr F. M. Allchin. History—1940, complained of 
ice of pain in back; tuberculous disease of the spine suspected. On examination—May 1941, fullness in the right 
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loin at the level of the third lumbar vertebra; a mass could be felt; surface of the tumour smooth, fixed 
to deep structures, firm and slightly tender; no limitation of movement of the lumbar spine; radiographs 
showed giant-cell tumour of the right side of the body and transverse process of the fourth lumbar vertebra. 
Treatment—High voltage X-rays. First course, June 1941; tumour dose 2000r. in five weeks. August 1941, 
radiographs showed shrinkage of tumour and recalcification. Second course, February 1942; tumour dose 
1250r. in four weeks; further recalcification. Third course, November 1942, tumour dose 1250r. in four 
weeks. Patient has remained well and free from symptoms to date; tumour calcified. 


Case 12. Female, aged 41 years, under the care of Dr S. P. Meadows. History—September 1943, 
progressive weakness of both legs; incontinence of urine and faeces; pain in left leg for five months. On 
examination—Large cystic tumour palpable over sacrum, easily felt by rectal examination. Wasting and 
weakness of ham-strings, calves, and anterior tibial muscles; ankle jerks absent; knee jerks present; 
sensory loss over the areas supplied by S.1, 2, 3, 4; albumen in urine but no Bence Jones protein; radio- 
graphs showed complete destruction of the sacrum with no new bone formation. Tveatment—October 
1943, teleradium unit; tumour dose 3135r. in three weeks; 
no significant improvement; general condition deteriorated 
rapidly ; died three weeks later. Autopsy showed that death 
was due to pyelonephritis and oedema of the lungs; no 
metastases. 


Case 13. Female, aged 34 years, under the care of 
Dr F. M. Allchin. History—October 1944, pain left arm 
after injury; radiographs showed pathological fracture of 
the radius through a benign giant-cell tumour; treated by 
high voltage X-rays elsewhere. On examination—May 
1946, swelling upper end of radius with limitation of 
elbow movements; skin over the tumour normal. 
Treaiment—May 1946, high voltage X-rays; tumour dose 
1540r. in two weeks; pain relieved but recalcification slow. 
January 1948, movements almost normal; radiographs 
showed little evidence of reossification, but pain has 
disappeared and the limb can be used without discomfort. 


Case 14. Male, aged 18 years, under the care of Sir 
Stanford Cade. History—June 1947, while boxing felt pain 
in the left arm. On examination—Smooth, painless 
swelling at the upper end of the radius; radiographs 
showed benign giant-cell tumour (Fig. 3). Tveatment— 
High voltage X-rays; tumour dose 2044r. in two weeks. 
January 1948, pain relieved; increasing calcification. 





Case 15. Female, aged 15 years, under the care of Dr F. M. 
Allchin. History—1945, fracture left arm after a fall. Further 
fracture September 1947, from trivial violence; radiographs 
showed pathological fracture through benign giant-cell : 
tumour af the ieee end of the left sr iy ‘eae prc alee A. setehnweege de Pret 

. showing expanded cystic area surrounded by 
High voltage X-rays; tumour dose 2044r. in two weeks; no thin bone shell. Trabeculation is also seen. 
pain; fracture healing; recalcification progressing rapidly. 


Fic. 3 


Typical appearances of benign giant-cell 


Case 16. Male, aged 36 years, under the care of Sir Stanford Cade. History—Increasing pain in the 
right knee for six months. On examination—April 1944, smooth, tender tumour of the medial femoral 
condyle; radiographs showed giant-cell tumour. Tveatment—High voltage X-rays; tumour dose 3080r. 
in five weeks; regression of tumour; recalcification of translucent area. Symptomless to date; under 
observation for four years. 


Case 17. Male, aged 39 years, under the care of Sir Stanford Cade. History—September 1943, fracture 
of the surgical neck of the right humerus due to a fall from a bicycle; previously the shoulder had been 
persistently painful. On examination—August 1944, tender swelling of the upper end of the right humerus; 
movements of the joint painful and limited; radiographic appearances typical of benign giant-cell tumour. 
Treatment—High voltage X-rays; tumour dose 1980r. in three weeks. September 1944, good recalcification 
of bone; symptomless to date; under observation for three years. 


Case 18. Male, aged 27 years, under the care of Sir Stanford Cade. History—Increasing pain in the 
left hip for two years after injury. On examination—October 1943, pain and limitation of movement o 
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left hip; smooth, tender tumour upper end of left femur; radiographic appearances typical of benign 
giant-cell tumour. Tveatment—High voltage X-rays. First course, November 1943; tumour dose 2000r. 
in four weeks. Second course, May 1944; tumour dose 2178r. in four weeks; regression of tumour; 
recalcification of bone. Symptomless to present time; under observation for four years. 










































Case 19. Male, aged 13 years, under the care of Dr F. M. Allchin. History—Increasing pain in the 
right shoulder for three months. On examination—November 1944, smooth, tender swelling of the upper 
end of the right humerus; movements of the joint limited; radiographic appearances typical of benign 
giant-cell tumour with pathological fracture. Tveatment—High voltage X-rays; tumour dose 1444r. in 
three weeks; regression of tumour; recalcification of translucent area; pain relieved. Well to date; under 
observation for three years. 


Case 20. Male, aged 33 years, under the care of Sir Stanford Cade. History—November 1943, 
increasing pain in the left hip for one year. On examination—All movements of the joint limited; slightly 
tender; smooth tumour at upper end of the left femur; radiographs showed benign giant-cell tumour. 
Treatment—February 1944, high voltage X-rays; tumour dose 1800r. in five weeks; pain disappeared and 
movements of the joint became normal; little evidence of recalcification; pain recurred after eight months. 
Second course, November 1944; tumour dose 1800r. in four weeks; pain relieved; regression of tumour; 
recalcification in translucent area. Still slight pain; calcification not complete; able to carry on sedentary 
occupation without discomfort. 


Case 21. Male, aged 33 years, under the care of Dr F. M. Allchin. History—October 1941, injury to 
the right knee which became swollen and painful; swelling gradually increased. On examination—Firm, 
tender swelling of the upper end of the tibia; skin over the tumour normal; radiographs showed benign 
giant-cell tumour. Tyveatment—Teleradium unit; first course, November 1943; tumour dose 2950r. in 
three weeks; tumour became smaller and pain was relieved, but radiographs showed little evidence of 
recalcification. Second course, May 1944; tumour dose 2450r. in four weeks; one month later recalcification 
progressing rapidly. Patient is well; all movements of the knee full and painless; under observation for 
four years. 


Case 22. Female, aged 36 years, under the care of Sir Stanford Cade. History—1936, ‘‘ felt something 
snap’”’ in the right hip, and subsequently noticed discomfort and swelling of gluteal region. On 
examination—Firm, tender swelling over the medial and upper aspects of the right thigh; skin over the 
tumour normal; movements of the hip joint painful and limited; radiographs showed benign giant-cell 
tumour of the right pubis and ischium. Biopsy—Benign giant-cell tumour. Tveatment—June 1938, 
teleradium unit; tumour dose 3255r. November 1938, considerable regression of tumour; recalcification 
proceeding rapidly. January 1939, hip movements normal; patient symptomless to date; under observation 
for ten years. This case has been reported previously (Nissen 1939). 


Case 23. Female, aged 17 years, under the care of Dr F. M. Allchin. History—Fell on ice rink 
September 1942; some weeks later, increasing pain in the right hip. On examination—July 1943, large 
soft tumour with rounded edges attached to the right ilium; skin over the tumour normal; movements 
of the hip joint normal; radiographs showed a giant-cell tumour involving right ilium. Biopsy confirmed 
the diagnosis. Tveatment—First course, August 1943; high voltage X-rays; tumour dose 2300r. in five 
weeks; one month later tumour smaller; the tumour continued to shrink, but radiographs showed little 
evidence of recalcification. Second course, January 1944, teleradium unit; tumour dose 3240r. in three 
weeks; tumour became smaller; edges more definite; the treatment caused temporary amenorrhoea. Patient 
well and symptomless to date; under observation for five years. 


Case 24. Male, aged 22 years, under the care of Mr G. H. McNab. History—September 1941, swelling 
of the left lower jaw of six months’ duration. On examination—Hard, smooth, painless tumour attached 
to the body of the mandible, left side; palpable from within the mouth; fixed to bone; radiographs showed 
benign giant-cell tumour; subsequently confirmed histologically. Tveatment—High voltage X-rays; 
tumour dose 1500r. pre-operatively ; tumour removed by curettage. Symptomless to date; under observation 
seven years. 


Case 25. Male, aged 39 years, under the care of Sir Stanford Cade. History—September 1942, pain 
in the left knee for one year; swelling for one month. On examination—Movements of the joint painful; 
smooth, tender swelling of the head of the left fibula; radiographic appearances typical of benign giant-cell 
tumour. Tveatment—High voltage X-rays. First course, October 1942; tumour dose 2600r. in five weeks. 
Second course, April 1943; tumour dose 2135r. in four weeks; pain relieved; regression of tumour; 
recalcification of translucent area. Symptomless to date; under observation for four years. 
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CLINICAL FEATURES 
Incidence—Benign giant-cell tumour of bone, although not common, is by no means rare; 
it accounts for 20 per cent. of all bone tumours (Cade e¢ al. 1947). The American Registry 
of Bone Sarcoma (Kolodny 1927) recorded one giant-cell tumour for every two sarcomata— 
an incidence higher than that of most other records. 
Sex and Age—Of the cases reported in this paper fourteen were males and eleven females; 
and other recorded series show an almost equal sex incidence. The condition may occur at 
any age but the greatest frequency is between the ages of twenty-five and thirty years, the 
peak age being about one decade higher than that of osteogenic sarcoma and Ewing’s tumour. 
The youngest patient in this series was a girl of six years; and the oldest was a woman of 
fifty-six years. One case has been reported in an 
infant aged four months (Proffitt and Wyatt 1946). 
Site—Any bone in the skeleton may be involved. 
The tumour usually occurs in long bones and the 
site of election is the epiphysis or juxta-epiphysial 
region (Fig. 4). It has been estimated that bones of 
the lower extremity are involved in 56 per cent. of 
cases (Kolodny 1927), but the humerus, pelvic 
bones and scapula may also be affected. The lower 
end of the radius, and the short bones of the hands 
and feet, though infrequent sites for osteogenic 
sarcoma, are not uncommonly involved. In this 
series there was one tumour of the transverse process 
and body of the fourth lumbar vertebra, and one 
of the sacrum. The disease is not uncommon in 
the jaw and has been described in the skull (Giffin 
and Love 1945). Benign giant-cell tumours of 
sesamoid bones have been reported by Faltin (1924), 
King and Towne (1929), and Shorvon (1946). WZ) FREQUENT SITE 
Symptoms and Signs—There is often a history of I 
injury and this was given in eleven of the twenty- 
five cases here reported; but little reliance should 
be placed on this because every patient, no matter 
what his ailment, has little difficulty in recalling 
antecedent injury. Pain is the earliest manifestation. 
It may first occur after injury which, though trivial, 
causes pathological fracture; and pathological pjagram illustrating the sites of 
fracture is often the first manifestation (Cases 2, ¢lection of osteoclastoma of bone. 
7, 15). Evidence of a tumour may not arise for 
several months. It may then be possible to feel a rounded globular swelling with a sharp 
trough between it and the uninvolved shaft, in marked contrast with the more fusiform 
shape of an osteogenic sarcoma. Tenderness is much less pronounced than in sarcoma. 
When the tumour is large and the overlying bone is thin “ egg-shell”” crackling may be 
recognised. A bruit is sometimes audible. 
Radiographic appearances—In typical cases the radiographic appearances are characteristic. 
The epiphysial or juxta-epiphysial region is expanded by a destructive bone lesion in the 
centre of the bone, or less commonly on one side. The expanded cystic area is bordered 
by a thin cortical shell, usually continuous but sometimes broken. Articular cartilage 
resists invasion and the joint is seldom involved. A thin area of sclerosed bone usually 
develops beneath the articular cartilage. The margin of the tumour is demarcated 
clearly by a sharp semi-circular line which contrasts sharply with the irregular shaft extension 
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of osteogenic sarcoma, simple bone cysts and the cysts of osteitis fibrosa. Bone trabeculae 
project from the periphery into the translucent area, giving rise to a multilocular cystic 
appearance. In contrast with osteogenic sarcoma there remains no vestige of the old bone 
structure. Codman’s reactive triangle and the sun-ray spicules of osteogenic sarcoma are 
never seen. 


Differential diagnosis—Biopsy may not be essential when radiographic appearances are typical, 
but it is sometimes difficult to differentiate giant-cell tumour from an osteolytic osteogenic 
sarcoma or from metastatic carcinoma with a silent primary lesion. Histological examination 
is then imperative. Biopsy is usually simple and safe, and punch biopsy is often sufficient. 
Other bone conditions may also cause difficulty. The radiographic appearances of one type 
of solitary plasmocytoma may closely resemble those of giant-cell tumour (Lumb and Prossor 
1948, Cutler et al. 1936, Gootnick 1945, Paul and Pohle 1940). Simple bone cysts generally 
occur in the metaphysis, and at an earlier age than benign giant-cell tumours, and as growth 
proceeds they become displaced down the shaft; there is no trabeculation and the cyst 
extends to some extent along the medulla, in contra-distinction to the sharply cut-off 
appearance of the giant-cell tumour. Single chondromata occur in the centre of the shaft 
of the short bones; they are more spherical than giant-cell tumours and, unlike them, are 
surrounded by sclerosed bone; and they are often multiple, whereas the giant-cell tumour is 
always solitary. In certain types of osteitis fibrosa the cysts are also multiple and there is 
osteoporosis of the compact bone with changes in the blood chemistry. 


Morbid anatomy and histological appearance—The tumours are soft, and red or red-brown in 
colour, resembling vascular granulation tissue in the midst of which there are often cysts 
filled with old blood, fat and bone debris. New bone trabeculae traverse the tumour in many 
directions from the periphery. Cancellous tissue is destroyed with attenuation and expansion 
of the cortex. Articular cartilage is seldom penetrated. The line of demarcation from the 
normal shaft of the bone is sharp and clearly defined. The periosteum long remains intact 
and lays down a layer of new bone as it expands; occasionally it ruptures and permits 
extension of the tumour into surrounding tissues. The histological appearances have been 
described clearly by Stewart (1922), Harvey e¢ al. (1940), Ewing (1940), and Willis (1948). 


TREATMENT 


Benign giant-cell tumours can be cured with greatest speed and certainty by excision, 
and there can be little doubt that this is the treatment of choice in such sites as the head of 


the fibula, lower end of the ulna, ribs, clavicle and patella. Excision may also be indicated 
in other regions where loss of function can be repaired by reconstructive operations. But 
surgical treatment is often made difficult by the proximity of these tumours to joints, and 
less radical surgical procedures such as curettage and filling of the cavity with bone chips 
have been used widely. Meyerding (1945) reported forty cases treated in this way, with good 
results in all but two. Nevertheless, curettage is followed by local recurrence in a high 
proportion of cases and Kolodny estimated the recurrence rate after curettage to be as high 
as 20 per cent. Cases 1 to 5 in this series are examples. Some surgeons have advocated 
swabbing the bone cavity with pure phenol, or Zenker’s solution, but in general this has 
been abandoned because it may lead to sepsis, necrosis or secondary haemorrhage. 

After careful survey of the cases now reported, and others reported in the literature, it 
is the belief of this author that irradiation alone is the treatment to be preferred. Recurrence 
after irradiation is unusual. If it is carried out carefully the risk of haemorrhage, necrosis 
and sepsis is negligible. Indeed, the only criticism that may be levelled against treatment 
by irradiation is the time required for healing and consolidation of the bone which may be 
as much as eighteen months. 
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Treatment of recurrence after curettage—It is believed by some clinicians that recurrence after 
curettage does not respond well to irradiation. Kolodny states: ‘‘ If curettage has been 
chosen and done, it should be done repeatedly if recurrence takes place; and if necessary 
amputation should be considered rather than a change to irradiation.’”’ Case 5 reported in 
this series is certainly not a good result. But although irradiation after curettage may not 
give such gratifying results as irradiation alone there is probably no justification for so 
extreme a view. Cases | to 5, all of which showed recurrences after curettage, are examples of 
good response. On the other hand it should be recognised that post-operative irradiation 
may hinder new bone formation. 


The effect of irradiation—The energy absorbed from gamma rays of the teleradium unit, or 
from high voltage X-rays, can destroy the benign giant-cell tumour with progressive lessening 
of pain. At the same time new bone is laid down, and, although it may be slow and take up 
to eighteen months, recalcification of translucent areas can be seen in the radiographs. 
If irradiation is delivered too quickly, or if too great a dose is given, the tumour at 
first increases in size; the already thin shell of bone becomes still thinner. The skin over 
the tumour becomes red, oedematous, hot and tender. In general, the appearances are 
those of accelerated growth, or of malignant change in the tumour. Attention has been 
drawn to these phenomena by many authorities (Brailsford 1943, Kolodny 1927, 
Jansson 1944). They may be avoided if an appropriate dose of irradiation is given and if the 
rate of dosage is controlled carefully. 


Technique of irradiation—In this series both gamma rays from teleradium and high voltage X-rays 
were used. The response was equally satisfactory. Two opposing skin ports were employed and the dose 
delivered to the tumour in one course seldom exceeded 2500r. X-rays were generated at 200 kv. and 
20 ma., and filtered by 1-5 mm. Cu+1-0 mm. Al with a F.S.D. of 50 cm. In the first course a daily 
skin dose of 200r. and a tumour dose of 90r. were given, the dose rate being 34r. per minute. The average 
duration of treatment was four weeks and the total tumour dose recommended is 2000r. (except in the 
case of children where the tumour dose should not exceed 1200r.). A second similar treatment is given 
after six months; and, when necessary, a third, after eighteen months. In cases treated by teleradium 
the Westminster Hospital 4-gram unit was employed, with two opposing 63-64 sq. cm. skin ports. One 
daily treatment of fifty minutes was given for twenty days, each port being used on alternate days. In 
this way 245r. were delivered to the tumour every forty-eight hours. Thus, in twenty days the tumour 
received 2450r. 


SUMMARY 


1. Twenty-five cases of benign giant-cell tumour of bone, treated at Westminster 
Hospital, London, are reported. 

2. The diagnosis can often be made on clinical and radiographic grounds alone but biopsy 
is sometimes necessary and seldom, if ever, contra-indicated. 

3. Some cases may best be treated by excision, but in general irradiation is the treatment 
of choice. 

4. Details of treatment by irradiation are given. 


My thanks are due to the honorary staff of Westminster Hospital for permission to use their case 
records; to Dr Peter Hansell of the Photographic Department; and especially to Sir Stanford Cade 
and Dr F. M. Allchin, jor constant help and advice. Part of this work has been done with the assistance 
of a grant to the Westminster Hospital from the British Empire Cancer Campaign. 
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OSTEOCLASTOMA 
A Study of Thirty-eight Cases 


B. W. WINDEYER and P. B. Woopyatt, LONDON 
From the Meyerstein Institute of Radiotherapy, Middlesex Hospital, London, England 


In this paper thirty-eight cases of osteoclastoma are reviewed. The patients were 
treated in the Middlesex Hospital between 1929 and 1948, and the Mount Vernon Hospital 
between 1942 and 1948. Six other patients, with tumours that were thought to be 
osteoclastomata, were also treated but they have been excluded because there is doubt as to 
the accuracy of the diagnosis. In thirty-four of the thirty-eight cases now reported, there was 
histological confirmation; and in four cases the history, clinical features, radiographic 
appearances, and subsequent course, leave no doubt that the diagnosis was correct. 

Certain problems in the diagnosis, treatment, and clinical progress of these cases will 
be considered, particularly with regard to the development of malignant changes and 
metastases. These problems have often been discussed and many diverse views have been 
expressed; analysis of this series, added to observations from other centres, may help to 
clarify disputed features in the life history of this tumour and give more definite indication 
the treatment that should be advised. 

Sex, age and site—There were fifteen males and twenty-three females. The youngest patient 

was aged 8 years and the oldest 62 years. Twenty of the thirty-eight cases occurred in the 

second or third decade. The lower limb 

| was involved in nineteen (50 per cent.) 

and in just over half of them the tumour 

was situated near the knee joint: femur, 

upper end 5; femur, lower end 4; tibia, 

upper end 5; tibia, lower end 3; fibula, 

upper end 1; patella, 1. The case in 

which the patella was involved has 

already been reported by Shorvon (1946). 

a a a The upper limb was involved in six cases: 

Five year age groups humerus, upper end 5; radius, lower 

Fic. 1 end 1. Other tumours were in the 

Age incidence of osteoclastoma of bone. vertebrae 5, sacrum 4, mandible 2, 
scapula 1, ischium 1. 

Relationship of injury to osteoclastoma—It has often been said that there is close association 

between injury and the development of osteoclastoma, and for this reason a careful study 

was made of the clinical histories in an attempt to find the number of patients in whom the 

development of such a tumour was preceded by injury. In seven, there was evidence of a 

blow causing pain and bruising and, after some months, pain and swelling at the same site 

which led to the diagnosis of osteoclastoma. In four, there was a less definite history of a fall 

or strain some months before the onset of symptoms. In the other twenty-seven patients 

there was no history of preceding injury although two were admitted to hospital after minor 

injuries which caused pathological fracture in a pre-existing but undiagnosed osteoclastoma. 
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DIAGNOSIS BY RADIOGRAPHY AND BIOPSY 
Much has been written as to the value and limitations of radiographic examination in 
diagnosis. It has been said that the radiographic appearances may be so distinctive as t« 
establish the diagnosis with certainty. Brailsford (1943) stated that radiographic examination 
together with the history and clinical features, was sufficient and that biopsy was not only 
unnecessary but even misleading and harmful. It is perhaps true that when the lesion is a 
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Fic. 2 
Histological appearances of typical osteoclastoma. 


Fic. 3 
Radiographic appearances of typical osteoclastoma. 


slowly growing and typically expanded and trabeculated tumour, situated at the end of a 
long bone such as that in Figure 3, radiological without histological examination may be 
sufficient: but in cases such as those to which attention was first drawn by Kirklin and 
Moore (1932) with rapid growth, and no evidence of trabeculation or expansion of the cortex, 
and in which the tumour occupies an unusual site, radiographic examination alone is not 
sufficient to ensure accuracy of diagnosis. 

Cases with atypical radiographic appearances—In this series there were many cases with 
atypical radiographic appearances which gave rise to difficulty in interpretation. Some of 
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these unusual features are illustrated in five cases, all of which proved to be osteoclastomata 
confirmed by histological examination. 

Figure 4 shows a small osteoclastoma in the neck of the left femur of a woman aged forty- 
nine years. A cyst had been removed from the right breast five months before she came to 
hospital complaining of severe pain in the left groin. Clinical and radiographic examination 
suggested that the lesion might be a metastasis. After biopsy, the diagnosis of osteoclastoma 
was established. 


Fic. 4 


Atypical osteoclastoma in the neck of the left femur in a woman from 
whom a cyst of the breast had been excised. Radiographic appearances 
suggested that the lesion might be a metastasis. 


Figures 5 and 6 show an extensive tumour involving the upper end of the right femur, 
acetabulum and adjacent part of the ilium, superior ramus of the pubis, and part of the 
ischium. The patient was a woman, aged twenty-six years, who gave a fifteen months’ 
history of pain in the hip joint of gradual onset. She had been treated by short wave diathermy 
and traction on the limb for fifty weeks! This lesion, which apparently started in the upper 
end of the femur, crossed the joint space to involve the bones of the pelvis—a behaviour 
that is contrary to generally accepted views as to the spread of osteoclastoma but which 
might be explained by the bridge of the ligamentum teres. Such spread across a joint may 
also be seen in osteoclastomata of the sacrum which involve the ilium. 

Figures 7-9 show an osteoclastoma of the lower end of the left femur with pathological 
fracture in a woman aged fifty-four years. Raising of periosteum at the margin of the lesion 
gave an appearance that resembled that of osteogenic sarcoma. Similar cases of osteoclastoma 
associated with periosteal elevation were described by Hilton (1945). 
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Fic. 5 
Osteoclastoma of the head and neck of the femur involving also the ilium, ischium 
and pubis. 


Fic. 6 


The same tumour as shown in Fig. 5, two years after deep X-ray treatment, 
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Fic. 7 Fic. 8 Fic. 9 


Osteoclastoma with pathological fracture into the knee joint; periosteal reaction is seen (Fig. 7). One 
month after deep X-ray treatment there was increased decalcification (Fig. 8). Sixteen months after 
treatment the tumour is smaller, the fracture is healed and there is sclerosis of the bone (Fig. 9). 


Fic. 10 Fic. 11 


Osteoclastoma of the upper end of the Secondary deposit of adenocarcinoma 
tibia with involvement of the knee of the rectum in the upper end of the 
joint. tibia. 
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Figure 10 shows an osteoclastoma in the proximal end of the right tibia of a man aged 
thirty-eight years. There was a six months’ history of gradual onset of pain. The knee was 
swollen and tender; there was local increase of temperature, oedema of subcutaneous tissues 
and limitation of movement. Radiographs showed that the tumour had broken through the 
articular cartilage as well as the cortex of the bone. 

Tumours resembling osteoclastoma—In addition to these patients, in whom the radiographic 
appearances of osteoclastomata were atypical, there were others with tumours which proved 
not to be osteoclastomata although the radiographic resemblances were very close. Figure 11 
shows a tumour of the upper end of the tibia in a patient aged sixty-four years. In March 
1948, after knocking his right leg, there was bruising and pain; the limb swelled and pain 
increased. In July 1948 he was referred to Mount Vernon Hospital. Drill biopsy showed 
that the lesion was an adenocarcinoma of the tibia; he was found to have an inoperable 
carcinoma of the rectum. 





Fic. 12 


Plasmocytoma of the pubis. 


Figure 12 shows a destructive, expanding bone lesion of the left pubis. The patient gave 
a history of injury twelve months before the onset of symptoms. Three weeks before the 
radiograph was taken he complained of pain in the left thigh and knee. The history and 
radiographic findings were consistent with the diagnosis of osteoclastoma except that the 
site was unusual. Drill biopsy showed that the lesion was a plasma cell myeloma and this 
was confirmed by sternal marrow puncture. 


HISTOLOGICAL EXAMINATION BY BIOPSY 


In this series of thirty-eight cases, histological verification of the diagnosis was secured 
in thirty-four. The other four patients were treated by X-ray therapy without biopsy because 
the clinical and radiographic features were typical. Analysis shows that histological reports 
on the basis of biopsy were accurate and reliable. The similarity of the histological picture 
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Fic. 13 
Osteoclastoma of the fifth lumbar vertebra causing lateral distortion 
of the fourth lumbar vertebra. 





Fic. 14 


Same case as in Fig. 13, four months after deep X-ray treatment. 
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of osteoclastoma with that of osteitis fibrosa is unlikely to give rise to erroneous diagnosis 
if the clinical as well as the radiographic features are taken into consideration. 

Drill biopsy was carried out only in a small number of cases because it was thought 
that it might not be reliable and a representative part of tumour might not be obtained. 
In fact, however, reliable results were secured in those cases in which it was used. Incisional 
biopsy was performed in most cases. In some, this consisted of the removal of a small 
piece of tissue from the margin of the tumour. In others a large wedge of tumour tissue 
was removed. It has been found however, that all the information obtainable from a large 
piece of tumour tissue can be obtained equally well from a small piece, and the first method 
is free from some of the disadvantages of the second. When wide removal was made there 
were some cases of breaking down of the wound, infection of the cavity and the development 
of a sinus. 


TREATMENT AND RESULTS 


Surgical treatment—Nineteen patients were treated surgically, nine without post- 
operative X-ray treatment and ten with. Amputation was performed in two: of these one 
with osteoclastoma of the lower end of the femur is well eighteen years after amputation 
through the thigh; the other died three years after interscapulo-humeral amputation with 
metastases in the lungs. 

Two patients were treated by local excision. One, previously reported by Shorvon (1946), 
is well two years after excision of the patella. The other had excision of a tumour of the 
lower end of the radius with replacement by the upper end of the fibula and arthrodesis of 
the wrist joint; there was recurrence after four years which was treated by X-ray therapy; 
three years later, the patient is well. 

Five patients were treated by curettage. Three are still well fourteen, nine, and eight 
years after operation respectively. One, who had a tumour of the upper end of the humerus, 
developed a recurrence which was treated by irradiation. After this he worked for six years 
as a labourer; then there was further recurrence. The limb was amputated because it was 
thought that malignant change had occurred. Three years after amputation he is well. One 
patient developed recurrence of an osteoclastoma of the upper end of the humerus eighteen 
months after curettage and was treated by X-ray therapy; he died two years later from 
metastases in the lungs. 


Surgical treatment with post-operative X-ray treatment—Ten patients were treated 
surgically with post-operative radiotherapy. In one, excision of a tumour of the upper end of 
the fibula treated after operation by X-rays, is well fourteen years later. The others had 
incomplete removal or curettage with post-operative radiation. Three have been lost from 
follow-up, one and two years after treatment, when they were apparently well. Four are still 
well five to ten years after treatment. Of the other two patients, one, with a tumour of 
the lower end of the femur, developed recurrence with extension into the knee joint; it was 
excised and the patient died from post-operative pulmonary embolism. In the other there 
was recurrence of a tumour of the upper end of the tibia; malignant change was diagnosed ; 
the limb was amputated through the thigh but the patient died. 


Treatment by radiotherapy alone—Nineteen patients were treated by radiotherapy alone: 
three were treated by interstitial radium or radon; sixteen were treated by X-ray therapy, with 
preliminary biopsy in twelve. One, with an osteoclastoma of the upper end of the femur, 
treated by incomplete removal and insertion of radium tubes, is free from recurrence eighteen 
years later but still has a discharging sinus. One patient with a tumour of the scapula, treated 
by radium needle implantation with surface radium application, is free from recurrence 
seventeen years after treatment but has marked scarring and telangiectasis of the skin. One 
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Fic. 15 
Case 1. Osteoclastoma of the sacrum, invading the ilium, previously treated by 
the insertion of radon seeds but with an abscess and sinus formation. 








Fic. 16 
Case 1. The abscess was drained and fifty-eight radon seeds were removed. Treatment was 
given by a one gramme teleradium unit. More radon seeds were discharged until only three 
remained, The wound healed except for one sinus. The patient now plays badminton, enjoys all 
recreations, and leads a normal life. 
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patient, who had been treated by the insertion of radon seeds to an osteoclastoma of the sacrum 
had a discharging sinus and an expanding tumour; after removal of the seeds, teleradium 
was given; the patient is still well fifteen years later but he has a discharging sinus. 

Of the sixteen patients treated by X-rays one has been lost from follow-up. Two 

have been treated recently and the results cannot yet be assessed. One died of bronchitis 
and heart failure two years after treatment for a large tumour with pathological fracture of 
the lower end of the femur; apart from a stiff knee joint which prevented him from carrying 
on his occupation as a cab driver he had no symptoms referable to the lesion. One patient 
with an osteoclastoma of the lower end of the femur confirmed by biopsy had X-ray 
treatment; after initial improvement the tumour fungated through the skin; a diagnosis of 
local malignant change was made and the limb was amputated three months ago. Eleven 
patients remain well and free from recurrence for periods of from one to ten years. The 
period of observation since treatment is not long enough in all of them to be sure that they 
will remain free from recurrence, but in every case there is evidence of sclerosis of the lesion 
and no sign of activity. 
Technique of X-ray therapy of osteoclastoma—The technique of X-ray therapy has been fairly 
uniform throughout the last twelve years. X-rays generated at 200 or 220 kilovolts, with half 
value layer of 1-1 or 21 mm. copper respectively, were used. The dose given to the tumour in 
a single course, lasting from twenty to thirty days, varied between 2000 and 3000 roentgens. 
A second course of treatment was usually given about three months after the initial course. 
The typical reaction after such treatment, which has often been described, is a preliminary 
stage of increased decalcification with apparent extension of the tumour. After about two 
months, recalcification begins and increases. The final result from X-ray therapy, which may 
not be achieved for many months, is diminution in size of the tumour with replacement of 
the thinned cortex by dense sclerotic bone; trabeculae become thick and dense but the bone 
does not regenerate entirely and cystic spaces remain. 


Case Report—A girl aged fifteen years gave a four months’ history of pain in the right leg 
and lumbar region. Radiographs showed a trabeculated tumour involving the right side of 
the fifth lumbar vertebra, extending outwards above the right sacro-iliac joint, with lateral 
dislocation of the fourth lumbar vertebra (Figs. 13 and 14). Biopsy showed that the tumour 
was an osteoclastoma. A single course of deep X-ray therapy was given; the tumour dose 
was 2000r. After one month pain was relieved ; and after the second month there was complete 
freedom from symptoms and there were no abnormal physical signs. Radiographs four 
months later showed reduction in the size of the tumour, sclerosis of bone, and accurate 
apposition between the fourth and fifth lumbar vertebrae. The patient remains well eighteen 
months after treatment. 

Seven of the cases described warrant more detailed consideration. In two, there were 
unusual clinical and radiological features; and in five, malignant changes supervened. 


TWO CASES WITH UNUSUAL FEATURES 


Case 1. Female, aged 28 years—In March 1933 an osteoclastoma of the sacrum was partly 
excised and treated by X-rays. Pain continued and the tumour increased in size. In October 
1933, radon seeds were inserted. In January 1934 an abscess developed. She was admitted 
to the Middlesex Hospital in February 1934. Radiographs showed masses of radon seeds in 
a cystic area in the left side of the sacrum (Fig. 15). There was extension of the growth 
into the left ilium. On March 7, 1934, the cavity was opened by the late E. Pearce Gould; 
necrotic material, with fifty-eight radon seeds, was removed. In April 1934, treatment 
was given by one gramme teleradium unit to the whole tumour. During the next year the 
margins of the tumour became sclerosed. The sinus persisted. More radon seeds were 





voL. 31 B, No. 2, May 1949 








262 B. W. WINDEYER AND P. B. WOODYATT 


extruded until only three remained. The pain subsided and by June 1935 the patient was 
able to walk without a stick. In 1936 she played badminton. From 1941 to 1945 she worked 
in the Civil Nursing Service. There was still a sinus which she dressed regularly. In August 
1945 copious leakage from the sinus was reported and the patient complained of persistent 
headache, more severe when standing erect. The discharge reduced Fehling’s solution and 
was found to be cerebro-spinal fluid. The wound was cleaned and packed with fibrin foam. 
Pyrexia and severe headache persisted, with pain in the back and retention of urine. A cell 
count of the cerebro-spinal fluid showed: 630 cells per cubic millimetre, 83 per cent. poly- 
morphonuclear cells, 12 per cent. lymphocytes, 5 per cent. erythrocytes. Penicillin and 
sulphathiazole were given; the symptoms of meningitis abated within a week. The wound 
became dry and she was discharged from hospital on October 3, 1945. Since that time she 
has had no exacerbation of symptoms. There is still a sinus but she is able to lead a normal 
life. Figure 16 shows the condition in August 1947. 


iting, 





Fic. 17 
Case 2. Osteoclastoma of the lower end of the 
radius treated by excision and replacement with 
graft of fibula. The graft was invaded by a 
locally recurrent osteoclastoma. 


This case illustrates the disadvantages of treatment of osteoclastoma by interstitial 
irradiation and particularly by the insertion of radon seeds. There is risk of infection with 
persistent discharging sinuses. Moreover, it is almost impossible to ensure adequate 
irradiation of the whole lesion. 


Case 2. Female, aged 38 years—In 1942 an osteoclastoma of the lower end of the right radius 
was treated by the late Mr Rowley Bristow by excision of the lower end of the radius, 
replacement by part of the fibula, and arthrodesis of the wrist joint. In January 1946, a 
tumour appeared on the volar surface of the limb, proximal to the wrist, and biopsy showed 
that it was a recurrent osteoclastoma. After X-ray therapy the swelling diminished. There 
is still a hard lump but there are no symptoms and the patient is in good health. This 
case illustrates invasion of a bone graft by recurrent tumour (Fig. 17). 
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CASES IN WHICH MALIGNANT CHANGES OCCURRED 


Case 3. Male, aged 31 years—In February 1932 this patient was admitted to the Middlesex 
Hospital complaining of pain and swelling of the ankle joints, knee joints and right wrist 
joint. The left upper limb had been amputated three years previously for what was said to 
be a sarcoma of the humerus. No histological details were available. He was found to have 
marked hypertrophic osteoarthropathy involving nearly all the long bones. There was a 
tumour in the left lung. Lobectomy, performed by Mr Vaughan Hudson, gave immediate 
relief of pain and improvement in the swelling of joints, but the patient died in September 
1932 from lung metastases. The histological picture shows an atypical osteoclastoma (Fig. 18). 
There are giant cells of the osteoclast type, and a cellular stroma which differs from the normal 
appearance in that the cells are less regular in size and are spheroidal rather than spindle 
shaped. 





Fic. 18 


Case 3. Metastases in lung (x 250). 


Case 4. Male, aged 33 years—For one year complained of increasing pain in the left shoulder 
extending down the arm. A diagnosis of osteoclastoma of the upper end of the left humerus 
was made and after curettage the pain was relieved. In July 1941 pain recurred and 
radiographic examination showed extension of the lesion. Treatment by X-rays was 
given in July 1941 and in November 1941. Pain was then relieved and the bone became 
sclerosed. After one year there was recurrence of pain. In June 1943 the patient was found 
to have metastases in the lung, and he died in August 1943. Autopsy showed extensive 
pulmonary metastases of sarcoma. 


Case 5. Male, aged 38 years—In 1935, after minor injury, sustained a pathological fracture 
through an osteoclastoma in the head of the left humerus. The lesion was treated by curettage 
and bone grafting. In August 1937 and December 1937 he was given X-ray treatment because 
of recurrence. After this he remained well and was able to work as a labourer until July 
1944 when pain recurred. He was given a further course of X-ray treatment at another 
hospital. In June 1946 the limb was amputated because it was thought that the lesion 
had become malignant. The diagnosis of sarcoma was confirmed histologically after 
amputation. In January 1949 there was no sign of recurrence. 
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Fic. 19 Fic. 20 
Case 7. Radiographic appearances of an osteoclastoma of the tibia in February 1948, shortly after 
X-ray therapy (Fig. 19), and in July 1948 when there was ulceration over the tumour from the 
pressure of a splint (Fig. 20). 





Fic. 21 


Case 7. Clinical appearance of the limb at the time of amputation. 
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Case 6. Female, aged 18 years—Pain in the left knee began in June 1939 and gradually 
became worse. The diagnosis of osteoclastoma was established by radiographic examination 
and biopsy. Curettage was performed in April 1940, the cavity being filled with bone chips. 
After operation there was a discharging sinus. X-ray therapy in July and September 1940 
gave rise to considerable improvement ; the sinus became smaller. In June 1941 the condition 
was thought to have undergone malignant change and the limb was amputated. The patient 
died in August 1943. The difficulties of follow-up in time of war have made it impossible to 
secure further pathological details. 

Case 7. Female, aged 47 years—Three years previously this patient fell and injured her left 
ankle; it was oedematous for some time. In June 1947 she complained of aching pain and 
' swelling of the left ankle. Biopsy was performed on December 15, 1947; a large piece of 
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Case 7. Appearances of the tumour after amputation of the limb. 


tissue was removed with a spoon and reported as osteoclastoma. Double below-knee irons 
were fitted. She was given X-ray therapy in January 1948 to a total tumour dose of 2100r., 
and in May 1948 to a total tumour dose of 2200r. Radiographic examination on July 19, 
showed increased sclerosis but at that time it was noted that there was superficial ulceration 
over the medial malleolus, in the region of the biopsy scar, where the splint had been pressing. 
This did not heal and a tumour mass fungated. The limb was amputated below the knee 
by Mr P. H. Newman on November 25, 1948. Figures 19 and 20 show the radiographic 
appearances of this tumour in February and July 1948. Figure 21 shows the clinical 
appearance at the time of amputation, and Figure 22 is an illustration of the specimen. 

It is unfortunate that more detailed documentation is not available in all the five cases 
in which malignant changes have been presumed. In Case 3 the primary tumour had been 
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treated in another institution but histological findings support the evidence that metastases 
from an osteoclastoma can occur with little alteration in the histological picture from that 
of the primary lesion. In 1905 Gordon Taylor reported a similar case with a primary tumour 
of the femur and metastases in the lungs, and concluded: “‘ the case is therefore of value in 
two ways: firstly, it proves clearly that giant-cell sarcomata do form metastases; and secondly, 
that giant-cells are reproduced in the secondary deposits.”” The case reported by Finch and 
Gleave (1926), with their review of several others, has also shown quite definitely that this 
may occur. In Case 4 there was alteration in the character of the tumour and the metastases 
were typical of sarcoma. In Cases 5 and 6 there was a definite histological report of malignant 
transformation but the micro-sections were not examined personally. In Case 7 there is 
clear evidence of local malignancy but whether or not this will lead to the development of 
metastases must, for the moment, remain problematical. 
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Fic. 23 


Case 7. Osteoclastoma of the tibia with local malignant change. 


All five tumours in which it is presumed that malignant change has occurred were in 
the long bones. Three were in the humerus. This is a high proportion, considering that in 
only five was the humerus involved out of the total number of thirty-eight cases reported. 
An attempt has been made to examine the conditions or methods of treatment that might 
have predisposed to the development of malignant change. It appears that in Case 3 the only 
treatment was amputation. In Cases 4, 5, and 6, treatment was by curettage followed by 
X-ray treatment—given in Cases 4 and 5 by reason of recurrence and in Case 6 as a 
post-operative measure. In Case 7, after wide biopsy and subsequent X-ray therapy, 
there was the additional factor of trauma from the rubbing of the double leg iron on the 
site of the biopsy scar. 


CONCLUSIONS 
1. In this series of thirty-eight cases of osteoclastoma, twenty-five occurred at the end of a 
long bone. Nineteen were in the lower limb and half of these were near the knee joint; 
six were in the upper limb; of the remainder, nine occurred in the vertebrae or the sacrum. 
2. More cases occurred in females than males, the ratio being twenty-three females to 
fifteen males. Just over half the cases occurred in the second and third decades. 
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3. In seven there was a definite history of injury preceding symptoms by several months. 
4. It is often difficult to arrive at a diagnosis on clinical and radiographic findings alone. 
Histological information is usually necessary before a certain diagnosis can be made. A 
limited biopsy is safe and reliable. 

5. Malignant change with the development of metastases occurs in a small proportion of 
cases, regardless of the particular treatment that has been employed. This is illustrated in 
Case 3 of this series, in the case reported by Gordon Taylor, and in the case reported by 
Finch and Gleave. 

6. The methods of treatment used in the patients here reported included curettage or local 
excision, with or without radiation, and radiation alone. 


— 


7. The patients treated by curettage or excision were dealt with during an earlier period 
than those treated by irradiation alone, and an exact comparison of results is not possible. 
The follow-up of patients treated by radiotherapy alone is too short to exclude the possibility 
of recurrence; but the immediate results appear to show definite improvement upon those 
of surgical treatment. 

8. In this limited series it is to be noted that malignant change occurred in a higher 
proportion of cases treated by curettage and radiotherapy than in those treated by 
radiotherapy alone. 

9. It appears that, in the treatment of osteoclastoma of bone, radiotherapy alone is 
the treatment of choice. 


The authors wish to acknowledge their indebtedness to their colleagues for permission to include cases 
admitted under their care. They are particularly indebted to Professor R. W. Scarff and Dr A. C. 
Thackray of the Bland Sutton Institute of Pathology for their help. 
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TREATMENT OF OSTEOCLASTOMA BY RADIATION 


FRANK ELLIs, LONDON, ENGLAND 
Director of the Department of Radiotherapy, The London Hospital 


Osteoclastomata arise in the metaphyses of long bones, but when there is fusion of 
epiphyses the tumours may extend as far as the articular cartilage. They occur also in the 
bones of the face, skull and spine. In the skull, the tumour follows the distribution of 
cartilaginous centres of ossification and this has been held to support the view that it is 
attributable to “ persisting developmental processes occurring in pre-cartilaginous and pre- 
osseous connective tissues” (Geschickter and Copeland 1931). Willis (1948) considered that 
osteoclasts, osteoblasts, fibroblasts and chondroblasts were intermutable and that enzyme 
changes probably determined the function, and therefore the histological appearances, of the 
cells. Geschickter and Copeland said that “in osteoclastoma and osteitis fibrosa giant cells 
can be seen on the outside of new blood vessels and vascular spaces, showing that the 
giant cells in these lesions retain the same histological function as the osteoclasts seen in 
human and other mammalian embryos.” They suggested that there was a growth of blood 
vessels with osteoclasts from the marrow towards part of the cortex, the blood supply of 
which had suffered in some cases from trauma; and that an osteoclastoma might result from 
persistence of the excess of of osteoclasts. They considered that osteoclastomata arose only 
in regions where bone was developed in pre-existing cartilage, and this view accords with 
experience. Osteoclastomata are quite distinct from solitary bone cysts, and from the cystic 
lesions associated with hyperparathyroidism, but they are probably related to the giant-cell 
epulis and possibly to giant-cell tumours of tendons. 

Diagnosis—Before treatment is undertaken the diagnosis of osteoclastoma should be 
established beyond reasonable doubt. Difficulties may arise in distinguishing the tumour 
from bone sarcoma, malignant myeloma and metastatic carcinoma; and from such benign 
lesions as simple bone cysts, hyperparathyroid fibrocystic disease, chondromata and chronic 
bone abscesses. Investigations that may be helpful in the differential diagnosis include 
the blood count, Wassermann reaction, radiography of lung fields, urine analysis and blood 
chemistry. The serum alkaline phosphatase is raised in osteogenic sarcoma, osteoplastic 
metastases, hyperparathyroidism and osteitis deformans; it may be raised slightly in 
osteoclastoma, endothelioma of bone and plasma cell tumour. The serum inorganic phosphate 
is low in hyperparathyroidism and may be high with osteolytic metastases and plasma cell 
myeloma; it is normal in other neoplastic conditions including osteoclastoma. The serum 
calcium is high in hyperparathyroidism and may be high with osteolytic metastases and 
plasma cell myeloma, being normal in other neoplastic conditions including osteoclastoma 
(Greenstein 1947). 

Biopsy—Biopsy is so valuable a method of diagnosis that it should always be used when the 
nature of a bone tumour is doubtful. The arguments advanced against biopsy appear to have 
little validity. It was said by Bloodgood (1931) that, of sixty-five patients with bone tumour 
surviving five years, no less than half had been submitted to biopsy before operation, which 
suggests that the chances of survival were not prejudiced thereby. Moreover, there is 
evidence that radiation before or after biopsy has protective value. This author has made much 
use of drill biopsy, which often provides unequivocal results, and has certain advantages over 
open biopsy in that complications are less frequent and admission to hospital is unnecessary. 
Differentiation of osteoclastoma from bone cysts—This differentiation has often given 
rise to confusion, and yet it is important because bone cysts represent healed osteoclastic 
lesions and do not require treatment. Age incidence—The age incidence of bone cysts 
is earlier than that of osteoclastomata although of course there is much overlap; a bone 
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cyst has been reported in a patient of sixty years and an osteoclastoma in a child of seven 
years. Site—Osteoclastomata usually occur at the metaphysial ends of the diaphyses, most 
commonly in the tibia, femur or humerus. The cyst which results from healing of the 
osteoclastic process tends to be left behind in the shaft as epiphysial growth proceeds. 
Histology—The histological appearances are distinctive. A bone cyst is lined with 
fibrous tissue which may contain areas of old haemorrhage and spicules of newly 
formed bone, surrounded by osteoblasts, probably formed from fibroblasts which are laying 
down intercellular substance; the giant cells that are typical of osteoclastoma may be 
present around the new vessels in small numbers. On the other hand the histology of an 
osteoclastoma is characterised by uniform distribution of large giant cells containing from 
twenty to two hundred nuclei embedded in a mass of small round or spindle cells which may 
show mitotic figures. Geschickte: and Copeland stated that in true osteoclastomata ‘‘ round 
cells outnumber the spindle cells in every instance,’ and that spindle-cell formation was 
indicative of a healing form of giant-cell tumour. Willis on the other hand did not mention 
round cells. Radiographic appearances—A bone cyst is seen typically as a central area of 
translucency in the shaft of the bone near the metaphysis, situated progressively further 
from the end of the bone as epiphysial growth continues. This is an important differential 
point. The appearances in osteoclastoma are those of a destructive lesion, asymmetrically 
. or centrally placed, with an expanded bone shell, usually in the end of a long bone. There 
is seldom periosteal reaction and the epiphysis is usually united. The cortex may be 
perforated. Successful treatment of an osteoclastoma by surgery or radiation may result 
in normal growth with a residual cyst left behind in the shaft of the bone. 





PRINCIPLES OF TREATMENT 


The aims of treatment, whether by curettage, resection, amputation or radiation, are to 
relieve symptoms and restore normal structure and function of the bone. Curettage may be 
unsatisfactory by reason of persisting mechanical weakness and the danger of local recurrence 
necessitating further operation. Resection is justified only when the site of the lesion permits 
complete removal without impairment of function, as for example in the upper end of the 
radius, the lower end of the ulna, and the fibula. Amputation is seldom justified because 
the lesion is essentially local and satisfactory results can be obtained by conservative 
fa treatment. Radiation is capable of achieving results no less satisfactory than those of surgical 
operation and without the danger of weakening the bone by removal of intact cortex in order 
to expose the tumour. 








RADIATION TREATMENT OF OSTEOCLASTOMA 


The radiation used in most cases in the series now reported was by X-rays, a total of 
3000 roentgens being given on alternate days over a period of three weeks. The object was 
to treat only the lesion itself; the tumour is so circumscribed that there is no need to treat a 
large area of adjacent bone as in the case of malignant tumours. Greater doses have some- 
times been used but they were probably unnecessary. Indeed, many successful results have 
been reported with even shorter exposures, and it is proposed to treat a series of cases with a 
dosage of no more than 1500r. In four patients it was thought advisable to repeat the course 
of treatment because there was persistence of symptoms or because there was no radiographic 
evidence of consolidation and, from the rapid effect of such a second course, it appears 
that this is justified in occasional cases. A few patients have been treated by the implantation 
of radium needles into the tumour, and in one early case by the insertion of radium into the 
cavity after curettage. It should be recognised, however, that radium needles produce no 
better results than X-ray treatment and they cause much more trouble, not only to the 
surgeon and radiotherapist but also to the patient. The use of radium after curettage may 
cause bone necrosis and increases the risk of other complications. 
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The mode of action of irradiation on osteoclastomata is unknown, but from our 

knowledge of the effects of irradiation on enzymes, the sensitivity of osteoclastomata to 
small doses, and the relationship of osteoclasts and their precursors to osteogenic tissue, it 
is reasonable to suppose that irradiation gives rise to enzyme modifications which alter the 
form of activity of the cells so that a predominantly osteolytic process is replaced by a process 
of new bone formation. 
Results of radiation treatment of patients reported in this series—The results of 
treatment in this series of twenty-six cases are summarised in Table I. In every case the 
response to irradiation was good. Brief summaries of individual case histories are appended. 
In the Table, under the heading of “ final diagnosis’ which is based upon all evidence 
including that of response to treatment, the possibility has been considered that tumours 
with giant cells may have been healing lesions. Thus, four of the twenty-six cases were 
classified finally as healing lesions at the time of treatment, though in each of them the 
history was short. Five of the twenty-six cases have been excluded from the report because 
there was some doubt as to the diagnosis. All others were true osteoclastomata, except 
Case 11 which was a malignant osteoclastoma. 





Fic. 1 Fic. 2 


Case 1. Female, aged 16 years. Osteoclastoma of the mandible confirmed by biopsy 
(Fig. 1). Radiograph three years after X-ray treatment is seen in Fig. 2. 





Fic. 3 Fic. 4 


Case 3. Female, aged 11 years. Osteoclastoma of the calcaneus, spindle-celled variant, 
confirmed by biopsy by Professor Turnbull, before treatment (Fig. 3) and two years after 
X-ray treatment (Fig. 4.) 


Results of treatment by radiation alone reported in the literature-——Lacharité (1927) 
reported fourteen cases, traced for periods of three to ten years after treatment; seven were 
cured; in seven there was recurrence. Herendeen (1931) followed up five patients for five to 
ten years after treatment and all were cured. Soeur (1931) traced six patients for three to ten 
years and all were cured. Hummell (1932) reported twelve cases; ten were cured by radiation 
treatment and two became malignant. Peirce (1932) treated five patients and all were cured. 
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Pfahler and Parry (1932) reported twenty-six patients of which twenty-four were cured by 
radiation alone. Gunsett e¢ al. (1934) treated-two patients (4000r. and 5000r.) and both are 
well. Stevens (1935) treated one patient with a dosage of 1500r. in two months and he is well. 
Freund and Meffert (1937) reported that two of five patients were cured by radiation and one 
was “improved ”’; of twelve patients treated surgically only two were “‘ improved.’”’ Doub 
et al. (1938) reported four cases, two of which were cured by radiation and two proved to be 
malignant. Leucutia et al. (1941) reported “ good results’ in eighteen patients treated with 
700-1000r. repeated two monthly. Edeiken (1940) reported one patient cured with 1500r. and 
a further 2000r. after two months. 


“ce 


CASE REPORTS 

Case 1. E. B., female, aged 16 years—Osteoclastoma of the mandible. (Figs. 1 and 2.) November 
1944, tumour of left side of lower jaw, eight months’ duration. December 1944, referred with swelling 
53 cm. in the region of the lower left first molar. Cortex intact over external surface but eroded at 
the inner surface of the mandible. Drill biopsy—osteoclastoma. X-ray treatment 3500r.; fourteen 
treatments in twenty-one days; no change; no pain. April 1946, X-ray treatment 3000r.; ten treatments 
in twenty-one days. December 1947, tumour 3-5x3 cm. May 1948, no further change. Comment— 
An osteoclastoma developing in cartilaginous bone. 


Case 2. C. W., female, aged 19 years—Recurrent osteoclastoma of the humerus. Referred December 
1944 having had curettage of a tumour in the head and neck of the left humerus in December 1942. 
Histology—osteoclastoma. No change in size of the lesion as shown by radiographs until June 1944 when 
there was much increase in size. On examination—tender swelling of the upper end of the left humerus 
with loss of power. December 1945, X-ray treatment 3000r.; ten treatments in twenty-two days; 
tenderness relieved after seven weeks; gradual recalcification; well after three years. Comment—Successful 
treatment by radiation of recurrence after curettage. 





Case 3. S.L., female, aged 11 years—Fibro-osteoclastoma of the calcaneus. (Figs.3 and 4.) July 1945, 
referred for pain in the left heel of three weeks’ duration. On examination—left os calcis thickened; not 
tender; radiographs showed destructive lesion of the os calcis with expansion. Clinical diagnosis— 
osteoclastoma. Drill biopsy—osteoclastoma with few osteoclasts, composed mostly of spindle cells and 
collagen fibres. July 1945, radiation treatment 3000r.; ten treatments in twenty-three days; symptoms 
relieved only after three months. Remains well but with some wasting of the left calf. Radiographs 
show complete consolidation. Comment—The histology suggests a lesion healing at the time of the biopsy, 
before treatment. 


Case 4. M. E., female, aged 14 years—October 1945, referred with pain in the left shoulder after a 
fall one year before. On examination—upper end of the left humerus swollen, tender, and slightly hot; 
abduction of the limb impossible; radiographs showed osteolytic lesion of the epiphysis of the great 
tuberosity. Drill biopsy—yellow material; osteoclastoma; giant cells not numerous. November 1945, 
radiation treatment 3000r.; ten treatments in twenty-one days; pain and disability persisted. February 
1946, treatment repeated 3000r.; ten treatments in twenty-one days; pain relieved after six weeks. May 
1948, well; no pain; telangiectasis of treated skin; still marked limitation of movement; radiographs show 
consolidation, but still an area of translucency. Comment—In spite of the possible cystic nature of the 
tumour the patient did not lose her pain until after the second course of radiation. 


Jase 5. D.C., male, aged 13 years—November 1945, swelling of the mandible of three weeks’ duration. 

On examination—fleshy ulcerated tumour near the premolar teeth. Drill biopsy—osteoclastoma. 
December 1945, radiation treatment 3000r.; thirteen treatments in twenty-eight days; rapidly improved; 
well since. Comment—aA giant-cell epulis. 


Case 6. K. St P., male, aged 14 years—Osteoclastoma of the head and neck of the fibula. November 
1945, pain in the upper end of the right fibula of five weeks’ duration after injury. Radiographs showed 
pathological fracture. November 1945, excision of the whole tumour and upper shaft of the fibula. 
December 1945, radiation treatment 2800r.; ten treatments in twenty-four days. July 1947, well. 
August 1948, normal except for slight weakness of leg and aching after exercise. Comment—Would he 
have been better without excision? * 

Case 7. M. F., male, aged 11 years—Osteoclastoma of the maxilla. February 1947, six months’ 
increasing painless swelling right side of face. On examination—thickening of the maxilla with bone 
expansion of antral wall and destruction of the right half of the hard palate which showed a soft cystic 





*Editor’s note—On the other hand would he have been better without radiation? But perhaps I am 
prejudiced. It happens that I excised it. 
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swelling. March 1947, right antrostomy; friable tissue. Histology—osteoclastoma. April 1947, radon 
insertion, 4500r. in nine days, six differentially loaded needles. Drill biopsy of fluctuant swelling— 
osteoclastoma. March 1948, swelling smaller; no symptoms. Comment—Radium used in this case to 
localise the dose and thus minimise damage to unerupted teeth. 

Case 8. J. T., female, aged 22 years—Osteoclastoma of the femur. (Figs. 5 and 6.) June 1944, pain 
in the right knee with loss of function. Radiographs showed osteoclastoma, lower end of femur. Radiation 
treatment 2000r.; eight treatments in twenty-four days. June 1945, recurrence of pain after dancing. 
July 1945, radiation treatment 3000r.; ten treatments in twenty-three days; symptoms relieved after 
six weeks. Remains well; slight limitation of extension of knee. Comment—Typical osteoclastoma. 


¥ 





Fic. 5 Fic. 6 
Case 8. Female, aged 22 years. Osteoclastoma of lower end of femur before treatment (Fig. 5) 
and three years after two courses of radiation treatment (Fig. 6). 


Case 9. S. E., female, aged 22 years—Osteoclastoma of the radius. (Figs. 15 and 16.) January 1944, 
pain and swelling left wrist; pathological fracture. Open biopsy and curettage—osteoclastoma confirmed. 
February 1944, radiation treatment; ten treatments in twenty-two days; plaster immobilisation. May 
1945, telangiectasis; ulnar deviation and dorsal displacement of wrist. July 1948, no change. Comment 
—Marked deformity in spite of attempts to maintain position by plaster. 

Case 10. E. L., female, aged 28 years—Osteoclastoma of the maxilla. January 1946, swelling left 
maxilla; increasing in size; operation one year previously; cavity opened and lining removed. Histological 
examination—osteoclastoma. On examination—swelling of the left maxilla 4-52 cm. “ crackling ”’ on 
pressure. ‘‘ Antrostomy’’ opening in the swelling. February 1946, radiation treatment 3000r.; ten 
treatments in twenty-two days; marked erythema occurred. August 1946, swelling reduced to 3x2 cm. 
November 1947, no swelling; free from symptoms. 

Case 11. S. K., female, aged 29 years—Malignant osteoclastoma of the tibia. (Figs. 7-10.) May 
1945, increasing intermittent pain left knee; sprain two years previously. On examination—swelling of 
the upper end of the tibia; slight “‘ crackling.”” Drill biopsy, 1945—osteoclastoma. May 1945, radiation 
treatment 3000r.; ten treatments in twenty-three days; symptoms relieved until January 1946 when 
radiographs showed further destruction outside the previous sclerotic zone. Drill biopsy, 1946—malignant 
osteoclastoma. February 1946, radiation treatment 3300r.; twelve treatments in twenty-six days. 
March 1946, slight improvement. May 1946, radiographs showed deterioration and metastases in the chest. 
July 1946, amputation for the relief of pain. November 1946, died. Metastases in the spine and lungs. 
Comment—Probably a malignant case from the start. Rapidly fatal and very painful. At first behaved 
like an osteoclastoma in its response to radiation. (See ‘‘ Malignant Osteoclastoma’’ by Prof. D. Russell, 
this number of the Journal.) 
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: ) Case 11. Female, aged 29 years. Malignant osteoclastoma of the tibia (see article, this number of 
4 4 the Journal, by Professor D. Russell). The radiograph in May 1945 is shown in Fig. 7. At that 
4 time drill biopsy suggested that the tumour was a typical osteoclastoma; but is the radiographic 
3 : evidence of calcification of the tumour a sign of its atypical character? Two months later, after 
1 irradiation, there is increased porosis (Fig. 8). Five months after treatment the lesion appears 
to be healing (Fig. 9). Twelve months after treatment there was extensive bone destruction 
, (Fig. 10) and drill biopsy at that time showed evidence of a malignant osteoclastoma. The patient 








died two months later with metastases in the lungs and spine. 
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Fig. 12 








Fic. 13 Fic. 14 


Case 14. Male, aged 42 years. Osteoclastoma of the tibia, confirmed by biopsy (Fig. 11). After 

irradiation there was initial increase in the size of the tumour (Fig. 12). Immobilisation in traction 

in a Thomas’ splint, and later in plaster, was necessary. Six months later there was radiographic 

evidence of recalcification (Fig. 13). After two years there was marked increase in the calcification ; 
the lesion is healing and the patient is well and walking unaided (Fig. 14). 
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Case 12. G. C., female, aged 34 years—Osteoclastoma of the mandible. Swelling of the right lower 
jaw of five months’ duration. October 1945, operation—excision of central osteoclastoma from lower 
jaw. Histology—osteoclastoma with moderate number of giant cells, much delicate fibrous tissue and 
new formation of woven bone. No evidence of malignancy. October 1945, radiation treatment 4000r.; 
ten treatments in twenty-one days; erythema of skin and gradual closing of cavity. Well two and a half 
years later. 


Case 13. W.M., male, aged 61 years—Fibro-osteoclastoma of the mandible. November 1946, swelling 
of right lower alveolus involving mandible of two months’ duration. Drill biopsy preceded by radiation 
500r.; partly osteoclastoma, partly osteitis fibrosa. January 1947, tumour removed; no other treatment. 
January 1948, well. Radiographs show some consolidation of bone at the angle of the lower jaw. 


Case 14. A. R., male, aged 42 years—Osteoclastoma of the tibia. (Figs. 11-14.) May 1945, 
increasingly severe pain in the right knee for ten weeks. On examination—hot, tender swelling of upper 
end of the right tibia; possibility of osteogenic sarcoma or malignant synovioma considered. Drill biopsy 
—osteoclastoma. May 1945, radiation treatment 3070r.; eleven treatments in twenty-eight days. 
October 1947, well; walking. Comment—The pain and loss of function were so marked that the only 
alternative to X-ray treatment was amputation. Radiographs suggested initial increase in size of the 
tumour. 


Case 15. R.B., male, aged 23 years—Osteoclastoma of the ilium. Operated upon in 1923 for ‘‘ sarcoma 
of left ilium ’’; histology, revised in January 1944, proved that it was an osteoclastoma. Radiographic 
appearances—constant for many years. Forty-two exposures to irradiation between 1932 and 1939; 
total dose about 16,000r. to skin; three or four fields. Well until April 1946 when he developed pain down 
the right leg. June 1946, ulceration at the centre of the scar; ulcer did not heal; deep sinus. January 
1948, cavity in bone. Biopsy—1) pieces of bone invaded by vascular and cellular growth; the cells are 
of the small round type with dark nuclei and uniform arrangement similar to those of Ewing’s sarcoma; 
2) piece of skin shows marked fibrotic changes and infiltration with plasma cells and lymphocytes; no 
evidence of malignancy. (Dr T. Jockes.) February 1948, ulcer healing. Comment—Repeated radiation 
over a long period, together with scarring due to operation, caused radio-necrosis. Subsequent healing 
suggests that the biopsy report really indicates an inflammatory lesion. 


Case 16. B.R., female, aged 11 years—Osteoclastoma of the maxilla. January 1934, tumour at the 
side of the nose displacing the eye outwards, 3-5 cm. x2cm. Open biopsy with insertion of radium needles 
into tumour mass, 7000r. given to the periphery; other parts received larger doses. Histology— 
osteoclastoma. No trouble; well fourteen years later. 


Case 17. M. B., female, aged 18 years—Osteoclastoma of the maxilla. December 1934, swelling of 
the upper jaw involving most of the left side and crossing the midline. On examination—tumour of left 
alveolus and hard palate. Curettage (Mr Wilkinson) and insertion of radium, 7000r. to walls of cavity. 
Histology—osteoclastoma. Developed osteomyelitis. Sequestrum removed after seven months, leaving a 
cavity in the upper jaw involving the alveolus from the right incisor region to the third molar, opening into 
the right antrum. Obturator fitted’ Well ten years later. Comment—Infection and delayed healing 
due to radium. 


Case 18. M. R., female, aged 27 years—Osteoclastoma of the radius (Fig. 17). December 1938, pain 
in the left wrist for some months; gradual onset. Radiographic examination—osteoclastoma, thought 
possibly to be malignant; no histological examination. January 1939, radiation treatment 3500r. in three 
weeks. Well after ten years. Comment—By a chance discussion this patient was saved from amputation 
of the hand. The tumour is not considered ever to have been malignant. 


Case 19. E. W., female, aged 39 years—Osteoclastoma of the mandible. October 1928, tumour 
removed from right mandibular ramus; 55 mg. radium for two days. Well for five years; then pain in 
the right upper jaw and cheek, radiating into the cranium. Histology—osteoclastoma. February 1936, 
slight swelling of right supra-orbital region; radiographic examination showed destructive lesion of the 
skull. March 1936, radiation treatment 5000r.; symptoms relieved but recurrence of pain after one year. 
February 1940, died from ‘“‘ brain abscess.’’ Comment—Without autopsy the possibility of connection 
between the osteoclastoma and death is unsettled. 


Case 20. J. S., male, aged 67 years—Osteoclastoma of the tibia. July 1939, pain and swelling of knee 
for eight months. On examination—thickening of upper end of tibia; radiographs show well-defined 
cystic area with trabeculation; some expansion; appearances consistent with osteoclastoma. July 1939, 
radiation treatment 3000r. in three weeks. June 1940, died from meningococcal meningitis. 
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a 
Fic. 15 Fic. 16 

Case 9. Female, aged 22 years. Osteoclastoma of the radius confirmed by open biopsy 
(Fig. 15). The tumour was curetted and then treated by radiation. It healed, but 
radiographs four years later show that it proved impossible to prevent deformity (Fig. 16). 








Fic. 17 
Case 18. Female, aged 27 years. Osteoclastoma of radius treated by 
irradiation alone (3500r. in three weeks). Radiographs ten years later show 
complete healing without deformity. 
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OSTEOCLASTOMA BY RADIATION 


Case 21. F. P., male, aged 68 years—Osteoclastoma of the maxilla. March 1938, swelling right 
maxillary region of seven months’ duration; occasional bleeding from nostril; no other symptoms; no loss 
of weight; history of injury to nose forty-eight years previously. On examination—tumour of maxilla 
with spread to soft tissue between cheek and alveolus; bone expanded. Biopsy—osteoclastoma. March 
1938, radiation treatment 5000r. August 1938, well; some residual bone expansion. Died from uraemia 
due to retention of urine from urethral stricture. 


DISCUSSION 


The advantages claimed for treatment by irradiation are that it is curative, painless, 
free from unfortunate complications, and capable of being used without necessarily admitting 
the patient to hospital. An obvious disadvantage lies in the fact that complete histological 
study of the tumour tissue is not available. This, however, may be overcome by using drill 
biopsy before treatment is begun. Other possible disadvantages such as extension of the 
lesion after treatment, malignant transformation, and disturbance of epiphysial growth, 
call for further discussion. 


Apparent extension after radiation—Several authors have drawn attention to apparent 
deterioration, which may be shown in radiographs during the first eight or twelve weeks 
after treatment, and which is then followed by recalcification during the next two or three 
years. In only two cases in the series now reported was this seen (Fig. 12). It is evident, 
therefore, that apparent extension of growth does not always occur after radiation and that, 
if it does, it should not be the signal for ill-advised surgery. 


Malignant transformation—lIt has been suggested that radiation may cause malignant 
transformation of an osteoclastoma. It appears more probable, however, that when this is 
suspected the tumour has been malignant from the start. Whether or not malignant 
osteoclastoma occurs as a primary tumour is still a matter of discussion among pathologists; 
the possibility is accepted by some, whereas others take the view that it represents a form 
of osteogenic sarcoma. 

If intermutability of the cells taking part in osteogenesis is accepted, there seems every 
possibility that a malignant process, starting as an osteoclast, may give rise not only to 
other malignant osteoclasts but also to other malignant cells such as fibroblasts and osteoblasts 
which are characteristic of osteogenic sarcoma. More definite evidence is available from the 
reported cases of malignant osteoclastoma in which metastases consisted of deposits 
indistinguishable from the primary osteoclastoma and of almost benign appearance (Finch 
and Gleave 1926). Case 11 of this series is of special interest. It was thought at first to be 
a benign osteoclastoma, but it soon proved to be malignant and metastasized. (Figs. 7-10.) 
The case is discussed in this number of the Journal by Professor Dorothy Russell. The 
question remains whether the malignancy was in any way the consequence of radiation. It 
is well known that radiation can give rise to genetic changes in cells and, presumably, a 
genetic change could result in malignancy. But malignant changes due to radiation in skin 
and connective tissue are reported as occurring only after long intervals and in the presence 
of profound tissue changes. Moreover, malignant change is unknown after radiation of 
essentially benign lesions such as infections, and degenerative conditions such as arthritis. 
For these reasons it seems unlikely that radiation could be responsible for rapid malignant 
change in a benign osteoclastoma. If, as a result of radiation, osteoclastomata were more 
prone to become malignant than other lesions one would expect it to have been reported 
with greater frequency. Moreover, of the cases in which malignant transformation after 
radiation has been reported, none can be accepted if there has been no preliminary biopsy 
because clinical and radiographic appearances alone cannot be relied upon in establishing 
the diagnosis of benign osteoclastoma. 
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Effect of radiation on epiphysial growth—It has been shown in animals that radiation 
may cause arrest or delay of epiphysial growth (Wilkins and Regen 1934, Brooks and 
Hilstrom 1933) and the possibility of similar growth disturbance in young children must be 
borne in mind. This author’s view is that the possibility of such a complication makes it 
unwise to treat a simple bone cyst by radiation in a child less than ten years of age but 
that, in true osteoclastoma, radiation is justified even in early childhood. At present there 
is no clear evidence that radiation, in the dosage commonly employed, gives rise to significant 
growth change in the human being, and in a wide personal experience of treatment by 
radiation there has been no case in which such an effect was observed. 


Summary of the management of a suspected case of osteoclastoma—After clinical 
and radiographic examination, and the completion of blood chemistry tests, the diagnosis is 
confirmed by drill biopsy, this being preceded by irradiation with a dose of approximately 
300r. if it is suspected that the tumour might be malignant. If histological examination of 
the biopsy specimen shows few osteoclasts, and a relatively large proportion of spindle cells, 
treatment may be unnecessary and it is safe to wait ; but if the diagnosis of true osteoclastoma 
is confirmed, treatment by radiation is begun at once. The standard dose, including the 
pre-biopsy dose, in most cases reported in this series has been 3000r.; but it is quite 
possible that 1500-2000r. may usually be sufficient. These are the doses received by 
the tumour, the necessary skin dose varying according to the number and arrangement of 
fields and the physical dimensions of the region. As a rule no other treatment is required. 
If there is serious structural weakness, or a pathological fracture, suitable orthopaedic 
measures are of course needed. Recalcification usually occurs gradually and progressively over 
a period of from one to two years. If this is not so, a second course of treatment may be given. 


SUMMARY 


The problems of diagnosis and treatment of osteoclastoma are considered. The 
importance of full investigation, and the advantages of drill biopsy in confirming the diagnosis, 
are discussed. Treatment by radiation is believed to be better than treatment by surgical 
measures. Curettage and excision are unnecessary. Amputation for benign osteoclastoma 
is unjustifiable. 


Acknowledgments—I am grateful to Sir Reginald Watson-Jones and other colleagues at the London 
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And the Association of Malignant Osteoclastoma 
with Paget’s Osteitis Deformans 


DorotHy S. RUSSELL, LONDON, ENGLAND 
Professor of Morbid Anatomy in the Bernhard Baron Institute, The London Hospital 


It is generally conceded that solitary osteoclastomata of long bones may occasionally 
prove malignant, but there is no agreement as to the frequency of this occurrence or as to 
the diagnostic criteria of the histological appearances of malignancy in primary growths. 
Clinical evidence of pulmonary metastasis has been recorded in a number of cases published 
during the last thirty-five years after curettage of the primary tumour, irradiation, and 
amputation of the limb; but unfortunately autopsy has seldom been performed. The well 
documented case of Finch and Gleave (1926) was the first metastasizing osteoclastoma to 
be verified histologically (the case reported in 1922 by Augé and Roux being in all probability 
an osteogenic sarcoma). Dyke (1931), and Orr (1931), reported single cases which should 
also be accepted, though each was incomplete in certain respects. In other relevant papers 
of this period, pathological observations were confined to the primary tumour. It is generally 
agreed that the character of the cellular matrix, or the so-called “ stroma cells ”’ as distinct 
from osteoclastic giant cells, demands careful scrutiny in the assessment of malignancy. In 
certain examples, such as those reported by Stone and Ewing (1923), Coley (1924, Case 3), 
and Stewart e¢ al. (1938, Case 3), these stroma cells may at first be indistinguishable from those 
of a benign growth; but subsequent biopsies show malignant characters such as marked 
polymorphism of the cells and their nuclei, increasing numbers of mitotic figures, and the 
formation of a distinctive and malignant type of giant cell to which attention was drawn 
by Mallory (1911) and, more specifically, by Stewart (1914). In other examples, the stroma 
cells displayed malignant features at the first biopsy (Kleinberg 1939) or there were appear- 
ances that proved controversial and at a later date declared themselves as frankly malignant 
(King 1932, Stewart e¢ al. 1938, Cases 1, 2, 5, 7). Jaffe et al. (1940) went so far as to attempt 
grading the primary tumour on the basis of these changes in stroma cells, a procedure that 
appears valueless in the light of personal experiences to be related in this paper. 

A survey of the material preserved in the Bernhard Baron Institute of the London 
Hospital since 1907 shows that, excluding osteitis fibrosa, the surgical specimens include 
forty-six solitary osteoclastomata in bones other than the jaw. Only one example of osteo- 
clastoma came to necropsy, namely Case 4—osteoclastoma complicating Paget’s osteitis 
deformans. The subsequent history of many of these patients is unknown, but two are alive 
and well thirty-three and thirty-four years after amputation. The second of these cases is 
of interest because the tumour, which was situated in the lower end of the humerus, showed 
a cellular stroma with many mitoses in the growing edge, and the adjacent muscle was 
infiltrated by the growth. Such infiltration is not, however, uncommon in osteoclastomas 
and it has not the same sinister significance as infiltration in other types of tumour. 

Five cases have been selected for detailed consideration—two osteoclastomas of the 
upper end of the tibia, treated along parallel lines by curettage, irradiation, and amputation, 
in which metastasis supervened; and three osteoclastomas of histologically malignant 
character complicating osteitis deformans (Paget’s disease). 


TWO CASES OF MALIGNANT OSTEOCLASTOMA 
Case 1. S. K., female, aged 29 years—The clinical particulars of this case are recorded by Ellis (1949) 
in a separate communication in this issue of the Journal. Pathological examination—The available 
material consisted of two drill biopsies, taken at an interval of eight months, and the amputation specimen 
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received fourteen months after the first 
biopsy. Later, there was radiographic 
evidence of pulmonary metastasis but 
when the patient died there was 
no necropsy. The first drill biopsy 
was composed of small fragments of 
a cellular tumour containing osteo- 
clastic giant cells of variable size, 
most being rather small and con- 
taining from six to twelve nuclei. 
These cells were distributed through- 
out the tissue, more numerous in 
some areas than others. They were 
separated by polygonal stroma cells 
which varied in size and exhibited a 
few mitoses. Their nuclei were even 
in form and chromatin content, and 
there were no features suggestive of 
malignancy (Fig. 1). The specimen 
was reported as ‘‘osteoclastoma.” 
: The second drill biopsy, received 
Fic. 1 eight months later, presented similar 

Case 1. First drill biopsy. Reported as “ osteoclastoma ” appearances with many osteoclasts of 
(haematoxylin and eosin; x 330). 7 





large size throughout the tissue. But 
the stroma cells, though similar, 
exhibited many more mitoses including abnormal forms. Moreover the chromatin content of the 
nuclei was variable. Some cells appeared to be multinucleate but close crowding made it difficult 
to assess the number (Fig. 2). This specimen was suspected of malignancy and it was reported 
as “probably malignant osteoclastoma.” Amputation specimen—Amputation was performed six 
months later through the upper thigh. There was an ill-defined swelling below the knee due to 
a growth that had almost completely destroyed the upper end of the tibia and extended widely 
into the soft tissues and muscles of the calf, capsule of the knee joint, soft tissues between 
the tibia and fibula, and bone of the inner aspect of the fibular head. Much of the tumour 
was soft, opaque, pink and necrotic; a few areas were rubbery, pale yellow and slightly bony. 
The more peripheral parts were soft and white, including a distinct area of tumour, 8 centimetres 
in diameter, occupying the lower third 
of the tibia and projecting through 
the inner cortex and _ periosteum. 
There was normal adipose marrow 
in the shaft immediately above 
and below this area. Microscopic 
examination—Six blocks, taken from 
representative parts of the tumour, 
showed extensive destruction of tissue 
with haemorrhage and necrosis. Osteo- 
clastic giant cells were abundant 
in many areas and sparse in others. 
They were separated by plump, 
polygonal stroma cells which varied 
greatly in size and shape, and in 
the size and chromatin-content of 
their nuclei (Fig. 3). In some fields 
they were angular, with a deeply 
basophil cytoplasm. There were many 
multinucleate giant cells, obviously 
derived from these stroma _ cells: 
but the relationship between these 
giant cells and the osteoclastic giant Fic: 2 
cells was by no means clear; and 





Case 1. Second drill biopsy, eight months later. Osteoclastic 
the more close the study the giant cells and plump, closely crowded stroma cells. Reported as 
more difficult was it to avoid the “probably malignant osteoclastoma”’ (haematoxylin, eosin; x 330). 
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between the two (Fig. Osteoid e a 
tissue was present in many areas, 
forming a coarse net between the 
plump stroma cells. In a few places 
calcium had been deposited and there 
was early coarse-fibred bone. No 
cartilage or myxomatous tissue was 
identified. 

Comment—The three specimens from 
this case showed steady progression 
from an apparently benign to an 
obviously malignant tumour. It is 
true, of course, that drill biopsy 
provides no more than scanty material 
for diagnostic purposes; but the 
appearances in both drill specimens 
were sufficiently dissimilar from each 
other, and from any field examined in 
the six sections taken after amputation 
from the main tumour, to justify the 





conclusion that they were representa- Fic. 3 





tive preparations. The histological Case 1, Section of tumour after amputation, showing character- 
appearances in the terminal stage were istic osteoclastic giant cells and polymorphism of stroma cells 
suggestive of osteogenic sarcoma; but (haematoxylin and eosin; x 240). 

osteoclastic giant cells were more 

numerous, and of wider distribution, than would have been expected in such a tumour. Nevertheless if the 
tumour had first been examined at this stage, the differential diagnosis would surely have been controversial. 
Case 2. J. L., girl, aged 19 years—Patient was never admitted to this hospital and full clinical 
notes have not been traced. The primary tumour was first observed in November 1939, after 
there had been pain over the inner aspect of the upper right tibia with no history of injury. 
There was a tender ‘fluctuating’? swelling. A small biopsy specimen described as “ cortex 
and scrapings from bone cyst ’’ was received by my colleague, Dr W. W. Woods, at the Emergency 
Medical Service Laboratory, Southend. The serum-calcium was estimated and found to be 9-4 mgm. 
per cent., thus excluding generalised osteitis fibrosa. In April 1940 the cyst was curetted 
and filled with iliac bone chips. In 
January 1941 it was noted that she 
was walking well; but in April 1941 two 
small sequestra separated. A course 
of radiation treatment was given. In 
July 1941 the limb was amputated 
through the middle third of the thigh. 
The fate of this specimen cannot be 
traced and no histological report is 
available. In May 1942 she was 
admitted to the Connaught Hospital, 
under Mr W. Welply, with haemo- 
ptysis, radiographic evidence of three 
“ golf-ball ’’ secondary deposits in one 
lung, and a subcutaneous metastasis 
in front of the left ear which was 
excised for histological examination. 
She died in August 1943, four years 
after the primary tumour was first 
observed. Necropsy was not performed. 
Pathological examination—Pathological 
material was limited to biopsy of 
Fic. 4 the primary tumour in 1939 and of 
the preauricular metastasis excised 
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Case 1. Another field of the section after amputation showing 
stroma cells, and transitions between these and osteoclastic in 1942. The first biopsy specimen 
giant cells (haematoxylin and eosin; x 440). consisted of fragments of bone the 
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trabeculae being separated by many osteoclastic giant cells in a spindle-celled matrix (Fig. 5). 
Other areas were composed of dense fibrous tissue and bone trabeculae separated by spindle cells. 
There were many pigment-macrophages. No mitoses were present and there were no giant cells 
other than osteoclasts. Macroscopically the second specimen consisted of a dome-shaped swelling, 
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Case 2. Biopsy from the primary tumour of the tibia—osteoclastic 
giant cells in a spindle-celled matrix (haematoxylin and eosin; x 290). 











Case 2. Subcutaneous metastasis of the tumour showing, on the left, } 


the border of a blood space, and on the right, osteoid tissue with a 
trabecula of coarse-fibred bone (haematoxylin and eosin; x 110). 


1-3 centimetres in diameter, projecting into the skin. On section there was a well-defined mass, 
2 centimetres in diameter, consisting of haemorrhagic and grey tissue containing gritty particles. 
Microscopically the tumour expanded the dermis and was well-defined above and below by circumferential 
collagenous tissue. The lateral borders were less sharp and were occupied by fine trabeculae of coarse- 
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fibred bone embedded in collagenous tissue containing spindle cells. Similar foci of bone lay nearer the 
centre, much of which was composed of large irregular blood spaces lined by cellular tumour tissue 
(Fig. 6). In this, large osteoclastic giant cells were conspicuous, associated with closely packed round, 
ovoid and polygonal mononuclear stroma cells containing nuclei of even shape, size and chromatin-content, 
except where they had become pyknotic and angular (Fig. 7). Occasional mitotic figures were present 
but there were no giant forms. More remote from the blood spaces, the cellularity of the tumour tissue 
was reduced; the cells were more frequently spindle-shaped and osteoclasts were less abundant. Mitotic 
figures were rare. Such areas merged into the still less cellular areas which were rich in collagen and 
associated with bone formation. Reticulin fibrils were abundant throughout the tumour, separating the 
smaller cells and enclosing the osteoclasts. 





Fic. 7 


Case 2. Another field of the subcutaneous metastasis showing the character of the cells of 
. bs . 
the more cellular central areas (haematoxylin and eosin; x 620). 


Comment—It is unfortunate that the amputation specimen could not be traced, particularly 
since the early biopsy specimen provided no more than meagre material for histological 
assessment. It is clear, however, that the cellular character of the tumour showed no 
departure from that of the type generally accepted as benign. Indeed, for a time, the diagnosis 
of osteitis fibrosa was considered. The metastasis itself showed no obvious cytological 
evidence of malignancy and there is little doubt that if it had been presented to a pathologist 
as a primary growth it would have been labelled ‘“‘ benign.”’ The case is therefore important, 
both in showing the difficulty of assessing malignancy in microscopic examination of the 
primary tumour, and in demonstrating that such benign features may be perpetuated in 
metastases. Incidentally the metastasis shows clearly the osteogenic capacity of osteoclastoma. 
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THREE CASES OF MALIGNANT OSTEOCLASTOMA 
IN PAGET’S OSTEITIS DEFORMANS 


The association of malignant osteoclastoma with osteitis deformans (Paget’s disease) 
does not appear to be recognised generally but, quite evidently, it accounts for a proportion 
of the malignant tumours that complicate this disease and it was represented in the records 
of this Department by three cases. 

Case 3. W.H. W., male, aged 70 years—The left lower limb was amputated through the hip joint at 
another hospital in 1931 for a tumour of the left upper femur. Six months later a pulsating swelling 


appeared at the lower end of the right femur necessitating amputation through the right thigh. A tumour 
was also observed in the lumbar muscles. The patient died a few months later. There was no necropsy. 





Fic. 8 


Case 3. Malignant osteoclastoma in Paget’s osteitis deformans. 
Tumour in the left femur. 


Pathological examination—The material available consisted of the left lower limb. This showed antero- 
posterior bowing of the femur and tibia. On section, a polycystic tumour, measuring 13 centimetres by 
5 centimetres, occupied the anterior aspect of the neck, greater trochanter and upper part of the shaft 
of the femur (Fig. 8). It had invaded adjacent muscles and completely destroyed the cortex for a distance 
of 6-5 centimetres. Cystic spaces measured up to 3 centimetres by 1-7 centimetres and contained blood. 
Their walls consisted of thin grey-yellow tissue of fibrous consistency. The rest of the medullary cavity 
was occupied by gelatinous brown-red marrow. The femur, tibia and fibula showed the characteristic 
changes of Paget’s osteitis deformans. Microscopic examination—The growth included large spaces filled 
with fresh blood, lined for the most part with large osteoclastic giant cells interspersed with spindle and 
polymorphic stroma cells. Elsewhere the lining was composed of flattened cells of endothelial appearance. 
The more solid parts of the growth contained similar osteoclastic giant cells in large numbers, separated 
by plump polymorphic and spindle cells which varied greatly in size and shape (Fig. 9). The nuclei of these 
cells also varied in size, shape, and chromatin-content. Mitotic figures were numerous and there were 
multinucleate giant cells of malignant type. In some areas, between the cysts, there were conspicuous 
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masses of pigment macrophages. The tumour had invaded adjacent soft tissues and in many places, 
outside the confines of the bone, osteoid tissue was laid down as a net between the polymorphic tumour 
cells. Other parts of the bone showed stages of osteitis deformans. 

Comment—The cytology of this tumour is clearly indicative of its malignancy. The many 
osteoclastic giant cells, and the situation of these cells in the walls of large blood spaces 
throughout the tumour, are characteristic of osteoclastoma. The tumours that subsequently 
arose in the other femur, and in the lumbar muscles, were presumably metastases although 
it might be possible to interpret the second femoral tumour as being of independent origin. 


Case 4. W. M., male, aged 49 years. Clinical history—For eight years this patient had noticed 
thickening and bowing of the lower limbs below the knees. Recently there had been headaches without 
vomiting and, during the week before admission, numbness and loss of power in the right lower limb, 
weakness of the right upper limb, and the appearance of a lump on the left side of the skull which was 
said to have grown larger. Two days before admission there had been Jacksonian attacks starting with 
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Fic. 9 
Case 3. Malignant osteoclastoma in Paget’s osteitis deformans. Osteoclastic 
giant cells and polymorphic stroma cells (haematoxylin and eosin; x 210). 


twitching movements in the right great toe, extending up the right lower limb, and then involving the right 
upper limb. On examination—There was a tense, pulsating, painless swelling, one inch in diameter, over 
the postero-superior angle of the left parietal bone. The edge of the bone could be palpated about its 
margins. The circumference of the head was 22-6 inches. Both tibiae were thickened and bowed. 
Operation—After reflection of the scalp, a highly vascular growth was disclosed, replacing the bone and 
invading the pericranium and parasagittal dura. The tumour was partly removed. Five days later, 
motor power was regained in the right upper and lower limbs. Two weeks later, paresis returned with 
increasing involuntary movements. Aphasia and incontinence developed and the patient died two 
months after admission to hospital. Necropsy—Bronchopneumonia. Haemorrhagic tumour of the left 
parietal bone invading the subjacent cerebrum. Osteitis deformans of the skull, femora, tibiae and 
sternum. The vault of the skull, which has been preserved as a museum specimen, was diffusely 
thickened up to 1-3 centimetres, but there was no additional expansion in the region of the tumour. The 
margins of the bone showed a sharp transition to the tumour which formed a mass measuring 2-5 centimetres 
by 2 centimetres. Half the tumour projected into the pericranium but did not penetrate beyond it. The 
cut surfaces were homogeneous and grey. The outer aspect of the dura showed a layer of similar tumour, 
several millimetres thick, forming a fringe along the left border of the superior longitudinal sinus which 
was slightly deflected to the right. The inner aspect of the dura showed a small mass of tumour, 2 centi- 
metres in diameter, projecting into the angle between the sinus and the falx. The tumour also extended 
through the cerebral cortex to reach the central white matter. No metastases or other bone tumours 
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were observed. Microscopic examination—Sections showed a highly vascular and cellular growth 
occupying the whole thickness of the bone and protruding into the pericranium. Finger-like extensions 
occupied the adjacent diploé but, on the whole, the margins were well defined. The cytological characters of 
this part of the tumour, and of the extensions towards the brain, were similar. Large osteoclastic giant 
cells were numerous and widely distributed. They were separated by closely packed spindle, ovoid 
and angular stroma cells, which varied greatly in size. Their nuclei varied in size and in chromatin-content. 
Many mitoses and multinucleate giant cells of malignant aspect were present (Fig. 10). There was much 
destruction of the tumour by haemorrhage and necrosis. No bone, cartilage or osteoid tissue was detected. 
There were foci of dense collagen; elsewhere a fine network of reticulin fibrils separated the tumour cells. 
The bone of the skull showed advanced osteitis deformans. 


Comment—The rapid deterioration of the patient after appearance of the growth and its 


surgical exploration accord with macroscopic and microscopic appearances, both of which 
are indicative of a malignant neoplasm. 





Fic. 10 
Case 4. Paget’s disease with malignant osteoclastoma of the skull 
causing cerebral symptoms. Two osteoclastic giant cells and 


xolymorphic stroma cells of malignant appearance (haematoxylin 
’ ati \ 
and eosin; x 330). 


Case 5. E. P., female, aged 59 years—Admitted to the London Hospital under the care of Mr 
Osmond-Clarke with Paget’s osteitis deformans and a tumour of the left tibia. Clinical features—For 
many years the left tibia, left humerus, skull and proximal phalanx of the right index finger had been 
affected by osteitis deformans. For three months before admission, after a blow on the upper end of the 
left tibia, there had been continuous pain with gradual development of a pulsating swelling. On admission 
the swelling measured 3 inches by 1-5 inches. Operation—The limb was amputated through the middle 
of the thigh. She made a good recovery and to-day, nearly two years later, she is alive and well. 
Pathological examination—Macroscopic—There was marked bowing of the leg. Section showed a tumour 
in the medullary cavity of the tibia, 9 centimetres in diameter, composed of grey-white tissue with a yellow 
centre, and containing patches of haemorrhage and one well-defined cyst near the upper end. The anterior 
cortex was eroded over an area measuring 7-5 centimetres. The posterior cortex was bayed by growth in 
several places. No calcification was detected in the growth. The rest of the bone showed the changes of 
osteitis deformans. Microscopic examination showed a cellular tumour which had eroded the bone of the tibia 
and extended into the periosteum but not beyond it. Large osteoclastic giant cells were distributed 
throughout the tissue (Fig. 11). They were separated by polymorphic, angular, mononucleated cells 
which varied greatly in size as well as shape. Among these were many large multinucleate giant cells 
with relatively large vesicular, often lobed, nuclei of malignant type. Some of these giant cells were as 
large as the osteoclastic giant cells. Mitotic figures were abundant. There was extensive necrosis of the 


tumour in many areas. No cartilage or osteoid tissue appeared to have been formed in the tumour. In 
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one section there was a large irregular area of closely packed foam cells, apparently corresponding to the 
yellow patch seen with the naked eye. A few polymorphic tumour cells were scattered among these 
foam cells. 

Comment—By all the usual criteria this was a highly malignant tumour, and the diagnosis 
lay between osteogenic sarcoma and malignant osteoclastoma. The diagnosis of malignant 
osteoclastoma is favoured by the many characteristic osteoclastic giant cells, and the 
xanthomatous area within the tumour. This interpretation is perhaps supported by the fact 
that the patient is in good health nineteen months after amputation. 


DISCUSSION 


If the first two cases reported in this contribution are acceptable as authentic examples 
of metastasizing osteoclastoma, it follows that metastasis in this tumour is associated with 





Fic. 11 


Case 5. Osteitis deformans with malignant osteoclastoma of the 

tibia. Two osteoclastic giant cells are seen, left of centre and right 

lower corner, in association with polymorphic and giant stroma 
cells (haematoxylin and eosin; x 380). 


two different types of evolution in the growth. A frankly malignant change may take place in 
the stroma cells of the primary tumour with the production of cytological appearances that 
are difficult to distinguish from those of osteogenic sarcoma (Case 1); alternatively the 
tumour may proceed to metastasis without appreciable morphological changes in its cells 
(Case 2). Confirmation of the first is to be found in many published reports, and it is 
exemplified in the case reported by Finch and Gleave in which the metastases had malignant 
appearances. In Dyke’s case there was no detailed description of the stroma cells and the 
photomicrographs are at too low a magnification to rectify this omission. Orrt’s case, in 
which the pulmonary metastases alone are described and illustrated, shows some resemblance 
to Case 2 of this paper in the character of the stroma cells which were for the most part 
spindle-shaped—“ perhaps larger than the corresponding cells of the benign osteoclastoma ”’ 
—and a few showed mitoses. 

Further experience alone can decide whether these two types of metastasizing 
osteoclastoma are to be distinguished. If such a distinction is confirmed it follows that no 
accurate prognosis can be based upon the histological appearances of a solitary osteoclastoma 
even although, by ordinary criteria, it may appear benign. 
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Absence of bone formation has been regarded as an important diagnostic feature of 
osteoclastomata in general (Stewart 1922, Stewart et al. 1938). However, osteoid tissue was 
present in the metastases in Finch and Gleave’s case ; and bone was reported in the metastases 
by Dyke. The conspicuous amount of coarse-fibred bone in the subcutaneous metastasis in 
Case 2 of this series appears to establish the osteogenic capacity of the tumour cells. This 
point is of fundamental importance in that it links osteoclastoma and osteogenic sarcoma 
more closely than has been conceded, and explains many of the difficulties of interpretation 
of malignant varieties of osteoclastoma. 

Finally the association of malignant osteoclastoma with osteitis deformans, as reported 
in Cases 3, 4 and 5 of this series, casts an interesting side-light on the disputed question as 
to whether or not a distinction should be drawn between the osteoclastomata that may be 
associated with generalised osteitis fibrosa and the solitary osteoclastoma that occurs without 
general bone disease. Turnbull (1931), from study of many examples, was unable to 
distinguish the tumours of these two groups on a purely histological basis. In Paget’s osteitis 
deformans, a disease which in its early stages closely resembles osteitis fibrosa, he found 
that both osteoclastomata and cysts occurred, even although they were rare (Turnbull 
1931-32). Malignant tumours of bone complicate osteitis deformans in a small percentage of 
cases, estimated by Geschickter and Copeland (1931) at 5 to 7 per cent. These tumours are 
usually said to be osteogenic sarcomata. Such a diagnosis may possibly be correct for Case 5 
in this series; but it is believed on histological grounds, that malignant osteoclastoma is the 
true interpretation of Cases 3 and 4. 


I am indebted to Mr W. R. Welply for information about Case 2, and to Mr Osmond-Clarke for notes on 
Case 5. The photographs were prepared by Mr A. J. King. 
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FROM AN ATLAS OF GENERAL AFFECTIONS OF THE SKELETON 
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9. CHONDRO-OSTEO-DYSTROPHY 
Morquio-Brailsford Type 








H. A. THoMAS FAIRBANK, LONDON, ENGLAND 


This disorder is characterised by dwarfism with shallowness of the vertebral bodies, 
marked kyphosis, sometimes angular increase of the spinal curve at the dorsi-lumbar junction, 
and progressive changes in the femoral head and acetabulum in a child of normal intelligence. 
It lacks the special features that are characteristic of the other type of chondro-osteo-dystrophy 
known as gargoylism. To a varying extent the whole skeleton is affected, with the exception 
of the bones of the skull and face which are usually normal. 

The condition is generally associated with the names of Morquio and Brailsford. Cases 
that we should now place in this group were undoubtedly published under various titles 
: before 1929, but in that year Morquio described ‘‘ A Form of Familial Osseous Dystrophy ”’ 
seen in four members of a family of five; and Brailsford suggested chondro-osteo-dystrophy 
as a suitable title for the condition he found in one patient, the radiographic changes of which 
were described in detail. In 1920, Wheeldon reported two patients with ‘‘ achondroplasia ”’ 
but with the unusual feature of a wedge-shaped vertebra which is so often a characteristic 
feature of both types of chondro-osteo-dystrophy ; and one of these patients was later followed 
up and reported by Pohl (1939) as an example of Morquio’s disease. In 1925, at the Royal 
Society of Medicine, Thursfield showed ‘‘ A Case of General Enlargement of Joints ’’ which 
this author had seen with him, and which he published with illustrations in 1927; this case 
we should now place in the group under discussion. Many others have since been reported. 
Hereditary and familial influences—Hereditary influences are seldom apparent, whereas 
familial influences are common. Statistics vary because of differences of opinion whether 
or not individual cases should be included. Of the sixty cases known to this author, which 
he believes should be classified in the group, it was found that another member of the family 
was affected in about one-third. Jacobsen (1939) reported twenty members in five generations 
of one family affected by a condition which, though not typical, appears to be allied closely 
with the Morquio-Brailsford syndrome. 

Sex—Both sexes are affected, males slightly more often than females. 

Age—Some abnormality may be present at birth (Hirsch 1937) but the developmental error 

{ is seldom apparent until the child begins to walk and appreciable changes are often first 
| recognised at about the age of 4 years or even later. Only six patients in the series studied 
by this author were seen under the age of 4 years, but thirty-six (60 per cent.) were under 
10 years of age. 

Etiology—The possible causes have been discussed by many authors but without any . 
convincing evidence, and it must be acknowledged that the cause is unknown. Ashby, 
Stewart and Watkin (1937) suggested that the disorder will eventually be included with 
gargoylism in the group of lipoidoses. 

Clinical characteristics—At about the age of 4 years it may be noted that there is 
curvature of the spine, failure to gain normal height, and the development of symmetrical 
deformities which increase, with progressive crippling, until the child is unable to walk 
without aid. The typical appearances are those of a round-backed, knock-kneed, flat-footed 
child who stands with the hips and knees flexed in a crouching position, with the head thrust 
forward and sunk between high shoulders, looking not unlike a case of cervical caries, and 
walking in the waddling manner of a duck (Morquio 1929). The face is intelligent but perhaps 
inclined to conform to an almost characteristic type. The bridge of the nose may be depressed 
and the eyes widely separated; the head may be large but it is usually normal in size and 
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shape; the neck is short. There is marked kyphosis of the spine with a short lordotic curve 
below. In about one-third of the patients there is angular accentuation of the kyphosis in 
the dorsi-lumbar region which may suggest caries of the spine, but pain in the back is 
most unusual. There is always limitation of movement, particularly of extension of the 
spine, and there may be scoliosis. The chest is narrow and the antero-posterior measurement 
is increased, the sternum being thrust forwards (pectus carinatum). Muscle weakness without 
changes in the electrical reactions has been noted. The spleen and liver may be felt rather 
easily but they are not enlarged. 

Though the child is dwarfed generally, it is shortness of the spine that is chiefly responsible 
for the lack of height. The limbs are relatively long. It has often been recorded that in the 
standing position the hands reach almost to the level of the knees. Dwarfing of the proximal 
segments of the upper limbs, which is so marked a feature of achondroplasia, was noted in 
only one of the sixty cases. Some authors have said that there is congenital elevation of the 
scapula (Sprengel’s shoulder) but their description of the mobility of the scapulae hardly 
agrees with the usual finding in this deformity. 

The epiphyses are often but not always enlarged. In some joints there is limitation of 
movement whereas others show hypermobility, this variable feature being evident sometimes 
in different joints of the same patient. As would be expected from the radiographic appearances 
there is often stiffness of the hip joints and less frequently of the shoulders, knees, ankles, 
elbows, wrists, fingers and toes. General stiffness involving many joints was a feature in 
seven patients. Laxity of ligaments with hypermobility is seen most often in the wrists, 
fingers, feet and toes, and less often in the knees and ankles. It may be possible to dorsiflex 
the wrists until the fingers touch the back of the forearm. In one unpublished case of a boy 
aged 4 years, with widespread laxity of ligaments, several joints could easily be dislocated, 
and both patellae dislocated whenever the knee joints were flexed. Knock-knee and other 
deformities occur at the joint level, or close to it, and are not the result of bending of the 
shafts of the bones; they tend to become gradually worse. 

The fingers are usually broad and blunt. Enlargement of the interphalangeal joints of 
the fingers was a striking feature in four patients, and to a less extent in a fifth, the swelling 
suggesting polyarthritis; but the enlargement was due to thickening of the bones and not to 
swelling of the joints. Widespread stiffness involving many joints was a feature of these 
cases (Thursfield 1925, Scott 1929, Ellman 1932, Hardwick 1938). 

Pain is unusual, but as bone changes in the hip joints increase there is sometimes pain 
in this region which may be the first symptom responsible for the child being taken to hospital. 
Blood examination reveals nothing of importance. The serum calcium may be raised, lowered 
or normal. 

Radiographic appearances—General porosis of the skeleton has often been noted. 
This is of no diagnostic importance and it is almost certainly no more than the result of 
limited activity due to crippling. The spine shows flattening of the vertebral bodies which 
may be more obvious in the dorsal than in the lumbar region. There is platyspondyly with 
increase in the transverse diameters, and particularly in the antero-posterior diameters, of 
the bodies. In lateral radiographs the bodies have a characteristic shape by which they can 
be distinguished readily from the typical vertebral bodies of gargoylism. The upper and 
lower surfaces are irregular, ill-defined and defective, with a tendency to approximate towards 
each other in front, thus accounting for a wedge-shaped appearance which is accentuated by 
a central prolongation, or tongue. Later on, multiple centres appear by which the defects 
are repaired and the epiphysial rings formed (Brailsford 1944). In the lumbar bodies, a 
layer of less dense bone has been seen above and below, with a more dense layer between 
(Guérin and Lachapéle 1938). The typical shape is most obvious in the lower dorsal and 
upper lumbar regions, the lower lumbar vertebrae tending to be more normal in shape. 
When there is an angular kink in the spine, lateral radiographs show that one vertebral body 
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at the dorsi-lumbar junction is smaller than the others and is displaced a little backwards, 
as if it had been squeezed out of position by’the bodies above and below. This mal-alignment 
is always more obvious immediately above the small body than below it ; in fact the appearance 
suggests that the spine above has slipped forwards on the small wedge-shaped body. The 
first lumbar vertebra is most often affected in this way but the anomaly may be seen in the 
twelfth dorsal, and occasionally in the eleventh dorsal vertebra. The second lumbar vertebra 
was the centre of a kink in one patient and the third lumbar vertebra in another. The body 
next below the displaced one was also rather small in three cases (Summerfeldt and Brown 
1936, Pohl 1939): the body next above was reduced in size in only a single, unpublished case. 
As a rule, the intervertebral discs are relatively deep, but occasionally they are reduced in 
depth. The pelvis may be narrow or shaped as in the ape. The ribs are more horizontal than 
usual and they are expanded at both extremities. 

There is usually irregularity in outline of at least some epiphyses. The hips are always 
affected, the changes becoming progressively more marked as the child grows. The acetabula 
are enlarged and irregular. The femoral heads are irregular, flattened and fragmented. 
Sooner or later the femoral necks appear short, thick and spread, with coxa vara. Examination 
of radiographs taken at intervals of three to six years in four cases in the author’s collection 
shows not only that changes are definitely progressive but that the femoral heads may be 
normal to begin with and only later show signs of faulty development or degeneration. There 
may be incomplete or complete dislocation of the hip joints on one or both sides. In one 
patient there was no displacement of the femora at the age of 9 years and yet both hip joints 
were dislocated when re-examined at the age of 15 years. Other epiphyses that sometimes 
show degenerative changes are those at the lower end of the femur, upper end of the tibia 
(Ruggles 1931) and upper end of the humerus; but it is only the changes in the hip joints that 
are important from the diagnostic point of view. ‘‘Several”’ or ‘“‘ many ’”’ epiphyses were said 
to have been affected in seven cases. It is also said that irregularity and fragmentation of the 
epiphyses may disappear later. Delay or irregularity in ossification may be seen in the patella. 

The joint spaces appear to be unusually wide in younger children. The shafts of the 
major long bones are usually normal but, occasionally, they are short and thick. There was 
symmetrical thickening of the cortex on the outer side of the upper femoral shafts in one 
patient—a curious feature that has been seen in only two other patients, both suffering from 
gargoylism. The metaphyses may be splayed to accommodate the enlarged epiphyses 
especially in the radius and ulna where the epiphysial lines at the lower ends are tilted towards 
each other. The ulna, as in so many developmental errors, may be short. The fibula may 
also be short, whereas in achondroplasia it is usually long. 

The metacarpals and phalanges are stubby, with expanded ends. The bases of some 
metacarpals, especially the third and fourth, and the distal extremities of the phalanges, 
tend to be pointed. There may be multiple centres of ossification for the epiphyses of the 
hands and feet. Ossification of the carpus may be delayed and when the bones are ossified 
they may be irregular in outline. There may also be irregularity in shape of the tarsal bones. 
In one case, included with confidence in this group because of other skeletal changes, the great 
toes were abnormally long and large, the first metatarsals sharing enlargement with the 
phalanges (Thursfield 1925). 

Changes in the skull are usually minimal and unimportant. The pituitary fossa is usually 
normal; it has sometimes been found small and sometimes enlarged. Digital markings in 
the skull were seen in two brothers in a family of eight children in which a third member 
showed signs of the Morquio-Brailsford affection. 

Progress—As a rule radiographic changes in the bones advance, and deformities progress, 
with increasing disability, until walking becomes impossible without assistance. 

Pathology—tThe pathology is unknown. Shelling (1945) examined biopsy specimens from 
the lower femoral epiphysis and diaphysis in one case: the epiphysial line was irregular; 
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there were cartilaginous nests within the bony trabeculae; and the matrix in these nests was 
striated and stained in an irregular manner. Harris and Russell (1933) believed that mucoid 
degeneration of cartilage in place of normal calcification was the fundamental change in 
dwarfism including achondroplasia. 

Differential diagnosis—Many examples of Morquio-Brailsford chondro-osteo-dystrophy 
have been reported as cases of achondroplasia, with or without the prefix ‘‘ atypical”; but 
as a rule the appearances of the head and face in chondro-osteo-dystrophy are quite unlike 
those of achondroplasia. In achondroplasia there is apparent lordosis with prominence of the 
buttocks, less secondary kyphosis, normal length of the spine, shortening of the limbs and 
particularly of the proximal segments, and usually bowing of the legs rather than genu 
valgum.* There is seldom coxa vara in achondroplasia and there are never the gross epiphysial 
and articular changes seen in the Morquio-Brailsford affection. The achondroplasiac patient 
is sturdy and strong; he is not feeble as are the patients discussed in this chapter. 

The special features of gargoylism, the other type of chondro-osteo-dystrophy, are the 
heavy facies, mental deficiency, cloudy corneae, and enlargement of the liver and spleen. In 
gargoylism the spine may also show a kink in the dorsi-lumbar region with one vertebral 
body small and displaced backwards, but the shape of the bodies differs markedly from that 
seen in the Morquio-Brailsford type. Very seldom is there difficulty in deciding to which group 
a case belongs after examination of radiographs of the spine, but the one described by Snoke 
(1933) is an exception. 

When many epiphyses are involved the condition must be distinguished from dysplasia 
epiphysialis multiplex in which the spine is usually normal and the acetabulum is not altered 
in the way that it almost invariably is in the Morquio-Brailsford syndrome. Only one example 
of multiple epiphysial dysplasia with flattening of the vertebral bodies is known to the author. 
When the patient complains only of the hip joints, local radiographic changes might suggest 
the diagnosis of pseudo-coxalgia were it not for the striking deformities of the trunk. 

Deformity in the dorsi-lumbar region due to wedging of a vertebral body may be seen 
occasionally in cretins, even in foetal life. (Annual Report of the Institute of Social Medicine, 
Oxford 1946.) The appearances in one patient, seen by the author, would suggest that the 
abnormality in shape of the vertebral bodies in cretins is of the type seen in gargoylism 
rather than that of chondro-osteo-dystrophy. A similar local deformity of the spine has 
been seen in a child who appeared to be entirely free from other skeletal abnormalities. 

The distinction from spinal caries of the dorsi-lumbar region should be made without 
difficulty after examination of lateral radiographs of the spine. It must be recognised, 
however, that a degree of dwarfism is a feature of several conditions, and atypical cases 
occur which, for the moment, it is difficult to classify with any degree of conviction. 


*It is true that in two unquestionable cases of achondroplasia there was an angular kyphosis at the 
dorsi-lumbar junction. In one of these a vertebral body at the angle was smaller than the others. But 
in neither were the vertebrae flattened and spread. 
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CASE 10—CHONDRO-OSTEO-DYSTROPHY (Morquio-Brailsford Type) 


(Figs. 22-26.) Boy aged four and a half years. Enlargement of joints and other deformities 
first noticed after an attack of bronchitis when six months old. Did not walk until the age 
of three and a half years. Family history negative. Clinical features—kypho-scoliosis with 





Fic. 22 


Case 10. Photographs of the child, aged four and a half years, showing 

thickening of the ends of the bones and lengthening of the great toes. 

Note the kyphotic curve, and the typical standing attitude with the 
hips and knees flexed. 


enormous enlargement of the epiphyses and lengthening of the great toes (an exceptional 
feature) ; some limitation of rotation movement at the shoulder joints and of pronation and 
supination of the forearm. Fingers thick and stumpy; nails unusually short; unable to flex 
the fingers properly, especially at the metacarpo-phalangeal joints. Backward child. Head 
rather large. (Under the late Dr Hugh Thursfield. Reported Thursfield 1925, Fairbank 1927.) 
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Fic. 24 
Case 10. Lateral radiograph showing 
increased antero-posterior measurement of 
the bodies; disc spaces not unduly wide; no 
abrupt kyphos at the dorsi-lumbar junction. 





Fic. 23 Fic. 25 
Case 10. Upper limb, showing the Case 10. Enlargement of the great toes 
stout bones with enlarged ends and with irregular ossification at both ends 
some irregularity of ossification of of the first metatarsals and the proximal 
the epiphyses. phalanges. 





Fic. 26 


Case 10. Showing ape-like shape of the pelvis, poorly developed acetabula and 
marked coxa vara with delayed and irregular ossification of the femoral heads. 
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CASE 11. CHONDRO-OSTEO-DYSTROPHY (Morquio-Brailsford Type) 


(Figs. 27-29.) Girl aged six years. Sent to hospital for deformity of the wrists and spine. 
Family history negative. Head big; skull of normal shape; premature closure of sutures. 
Rigidity localised to the dorsi-lumbar junction. Femoral heads prominent ; abduction of the hips 
not limited. Genu valgum. Abduction of the shoulder joints limited to 80 degrees. Extension 
of the elbow joints slightly limited. Forearms short, especially the ulnae; supination 
excessive. Marked hypermobility of the wrist joints in all directions; the fingers can easily 
touch the flexor aspect of forearms. Fingers and thumbs blunt. (Under Mr H. L.-C. Wood.) 





Fic. 27 Fic. 28 


Case 11. Spine, showing Case 11. All the long bones are 
typical shape of the bodies rather short and stout. Note 
with the central ‘‘ tongue”’ shortness of the ulna and tilting 
in front. The second lumbar of the lower epiphyses of both 
body is small and displaced forearm bones. ‘‘ Pointing ”’ of 
backwards. The discs are the bases of the metacarpals is 
unusually deep. not striking in this case. 





Fic. 29 


Case 11. Pelvis and hip joints, showing ape-like shape of the pelvis, large 
acetabula and only slight irregularity in the ossification of the femoral heads. 
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CASE 12. CHONDRO-OSTEO-DYSTROPHY (Morquio-Brailsford type) 


(Figs. 30-34.) Boy, aged nine and three-quarter years. Deformity of the left hand, suggestive 
of rheumatoid arthritis, since birth. Other deformities not noticed until the age of three or 
four years. One sister was said to have deformities of the spine and hip joints; three other 
sisters normal. Dwarfed. Flat depressed nose, forehead prominent. Teeth hypoplastic. All 
epiphyses enlarged and joint movements restricted. Complains of lumbar pain when the hip 
joints are flexed beyond 70 degrees. General muscular weakness. Blood investigations negative, 
but said to have had negative calcium balance treated successfully with calcium gluconate 
and vitamin D. Marked kyphotic curve with angular accentuation at the dorsi-lumbar 
junction, the twelfth dorsal body being small and displaced backwards. Marked changes in 
the head and neck of both femora: no subluxation. Irregular ossification in the epiphyses 
of the upper end of the tibia, lower end of the humerus (capitellum and medial epicondyle), 
lower end of the ulna and upper end of both humeri. (Under the late Dr Gordon Pugh.) 
When examined at the age of fifteen years there was marked kyphosis with a short 
lordosis below which had improved his general posture; genu valgum; feet flat; general 
laxity of the knees, ankles, fingers, and particularly the wrists; feet blue and cold. Skull 
broad: forehead prominent. Teeth good. The outline of the vertebral bodies is now much 
more irregular in both antero-posterior and lateral films, and there is further destructive 
change in both femoral heads which are now subluxated. (Under the late Sir Henry Gauvain.) 





Fic. 31 
Case 12, at 9 years, showing 
mottling and fragmentation of 
the capitellum and _ internal 
epicondyle of the humerus. 





Fic. 30 


Case 12, at the age of nine years. Radio- 
graph of the spine shows typical ‘‘ tongued ” 
vertebral bodies. The twelfth dorsal vertebra 
is reduced in size and is the apex of an 
angular kyphosis. The second lumbar body 





approximates more closely in shape to the Fic. 32 

twelfth dorsal than do the others: the Case 12, at 9 years, showing 
eleventh dorsal body is slightly smaller than irregular ossification of the outer 
the bodies above it. The discs are deep. part of the tibial epiphysis. 
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Fic. 33 
Case 12. At the age of nine years. Radiographs of the pelvis and hip joints show that 
the pelvis is narrow, and there is fragmentation and destruction of the femoral heads 
with thickening of the femoral necks. The acetabula are large and poorly formed. 








Fic. 34 


Case 12, at the age of fifteen years. The pelvis and femora show further changes in the femoral 
heads, now with definite subluxation of both hip joints which was not present at the age of nine 
years (Fig. 33). 
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CASE 13. CHONDRO-OSTEO-DYSTROPHY (Morquio-Brailsford type) 
(Figs. 35-38.) Girl, aged five years. Unwilling to walk far; cried with pain. Enlarged joints 
and round shoulders since infancy. Father’s mother and sister both of short stature (both 
dead). Stiffness of the shoulder, elbow, wrist, hip and knee joints; some limitation of 
pronation and supination of the forearms. Valgus deformity of feet. Blood examination 
showed nothing of significance. General dwarfism, limbs more affected than trunk. Moderate 
kyphosis. Little movement in the spine except in the cervical region. Bridge of the nose 
sunken. Forehead prominent. Long bones stout, with splayed ends. When the child is 
standing the finger tips reach just below the greater trochanters. 





Fic. 35 Fic. 36 


Case 13. Fig. 35 shows the condition of the spine at the age of two years; note the shape of the 


vertebral bodies, the deep disc spaces, and the enlargement of the anterior ends of the ribs. Fig. 36 

shows the condition at the age of five years; there is irregularity in outline of vertebral bodies; 

in the lumbar region the appearance suggests that less dense bone has been added above and below 
the rather less dense bodies previously present. 
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Fic. 37 

Case 13, at the age of two years. Radiograph of the pelvis and 

hip joints shows rather large acetabula and, for this age, normally 
ossified though rather small centres for the femoral heads. 





Fic. 38 


Case 13, at the age of five years. The pelvis and hip joints show progressive changes 
that were not present at the age of two years (Fig. 37). Thickening of the cortex 
now seen on the lateral aspect of both femoral shafts is not believed to be significant. 
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10. GARGOYLISM 


Synonyms—Hurler’s syndrome, Dysostosis multiplex 


This type of chondro-osteo-dystrophy is characterised not only by dwarfism but also 
by a heavy, ugly facies, corneal opacity, mental deficiency, kyphosis, distension of the 
abdomen, and enlargement of the liver and spleen. The first two cases were reported by 
C. Hunter in 1917; the patients were brothers; neither had the corneal opacities that are so 
often a striking feature. It isto Hurler that priority of description is often given. She published 
two cases in 1919, both boys; one was investigated later by Tuthill (1934) who first published 
a detailed account of the neuropathology. In 1933 Binswanger and Ullrich reported two cases 
and suggested the name “ dysostosis multiplex.’’ In 1936 Ellis, Sheldon and Capon, in a 
valuable contribution, reported seven cases and reviewed eight others previously published ; 
they proposed the title “ gargoylism ’’ and suggested the possibility that a metabolic error 
might be responsible. Many other cases have since been reported. For this review fifty 
reported cases have been selected. Hereditary and familial influences—There is little evidence 
that heredity plays any part but familial influences are common. Familial incidence was a 
feature in thirty-two of sixty-two cases collected by Henderson (1940). 

Sex—Both sexes are affected, males more often than females in the proportion of four to three. 
Age—Only three of the cases studied were under twelve months of age, the youngest being 
eight months; but 87 per cent. were under ten years. Few lived until growth was complete. 
Etiology—lIt is now agreed, fairly generally, that this condition must be classified with the 
lipoidoses, although endocrine dysfunction has also been suggested as an explanation of the 
somewhat complicated pathology which is characterised by changes in so many different 
tissues. Henderson (1940) remarked that ‘‘ hypothalamic disturbances are probably 
connected with the changes seen in the pituitary and thyroid glands, and these in turn with 
some of the clinical features of the disease such as chondrodystrophy and dwarfism.” He 
agreed with Ellis (1937) that it is ‘‘ yet too early’ to assess the part played by the thyro- 
pituitary mechanism. It is difficult to see how metabolic or endocrine error could account 


” 


” 





for the curious shape of vertebral bodies, and still less for local deformity of the spine. Engel 
(1940) attributed the hypophysial dysfunction to ‘“‘ blebs’”’ caused by escape of cerebro- 
spinal fluid into the adjacent tissues in early embryonic life. He included in the “ bleb 
diseases ’’ a group of ten different syndromes. It seems probable that the fault exists at 
birth but we have found only three reported cases that were recognised in the first year 
of life. 

Clinical signs—At birth, the size and weight of the child is often above the average but, 
after the first year, growth is restricted and there is usually, though not invariably, increasing 
evidence of dwarfism. There is some degree of micromelia. In a well-marked case the head 
is large; the eyes are wide apart, sometimes suggesting hypertelorism; the bridge of the nose 
is depressed and the general facies is heavy and ugly. There may be prominence of the 
supraorbital ridges, bulging of the temporal regions, and ridges along the sutures and around 
the anterior fontanelles. Scaphocephaly, acrocephaly, oxycephaly and brachycephaly have 
all been noted (Ellis et al. 1936). Hydrocephalus occurs in more than one-third of cases. The 
lips are everted, the mouth open and the tongue enlarged, so that many are suspected of 
cretinism. In one patient there were fissures of the tongue and prominent papillae as in a 
mongol (Ashby et al. 1937). The mandible is often large. The eyebrows are coarse, dark and 
bushy, but the hair is usually fine and silky. The ears are set low on the head. Nasal discharge 
is frequent. Dentition may be irregular and delayed. Cloudiness of the cornea is a striking 
feature and, from the diagnostic point of view, important; it is caused by multiple opacities 
in the deeper layers of the cornea. There may be lateral nystagmus (Slot and Burgess 1938). 
Buphthalmos has sometimes been reported. Optic atrophy occurred in two siblings reported 









by Davis and Currier (1934) and there is sometimes deafness. 
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There is often, but not always, mental deficiency. In some patients it has been noted 
that there was gradual mental deterioratiori in the course of a number of -years. One girl, 
aged eighteen years, showed a very marked degree of statural, mental and sexual infantilism 
(Ellis e¢ al. 1936). The neck appears to be short and the shoulders are high. Sometimes the 
deformity of the shoulders almost warrants the title of ‘‘ congenital elevation of the scapula ”’ 
(commonly, but quite unjustifiably, known as ‘“‘ Sprengel’s shoulder ’’). The clavicles may 
be thick. As a rule there is marked kyphosis, angular in shape, in the dorsi-lumbar region. 
There is seldom scoliosis or pigeon-breast. The abdomen is distended to an even greater 
extent than could be accounted for by enlargement of the liver and spleen which is an 
important feature in most cases. The liver is more often enlarged than the spleen, both being 
smooth and firm on palpation. Quite often there are umbilical and inguinal herniae. 

There is often limitation of movement of some joints, and occasionally of all joints 
(Davis and Currier 1934, Ellis e¢ al. 1936). The upper limbs are more often affected than the 
lower limbs and in the shoulders, elbows, and particularly the fingers, there is not only 
limitation of movement but also flexion contracture. Claw hand was regarded as an important 
feature by Ashby et al. (1937). The fingers may be short, and the ring and little fingers 
incurved. There may be limitation of extension of the knee joint, genu valgum, genu varum, 
or flat-foot. The epiphyses are not enlarged as they so often are in the Morquio-Brailsford 
group. Sometimes, even in members of the same family, one patient may show all features 
of the syndrome while another shows only bone changes (Ellis e¢ al. 1936). 

Blood examination reveals nothing of importance. Biochemical studies have shown no 
constant abnormality. 

Radiographic appearances—The radiographic appearances in gargoylism show general 
resemblance to the changes that are seen in Morquio-Brailsford disease, but there are distinct 
differences in the skull, the vertebrae and the hip joints. 

The skull—Most cases of gargoylism show enlargement of the sella turcica, even to twice 
the normal size, with or without hydrocephalus. There is no evidence of erosion and it has 
been suggested that this enlargement is due to malformation of the sphenoid rather than to 
abnormality of the pituitary gland or increased intra-cranial pressure (Ellis e¢ al. 1936). 
The spine—In the spine, the upper and lower surfaces of the vertebral bodies are convex, so 
that they present a circular rather than a quadrilateral outline; the discs are biconcave and 
deeper than normal. It is often said that the bodies are spread and flat, as in the Morquio- 
Brailsford type, but this is not accurate. When there is angular kyphosis—and this occurs 
with far greater frequency than in the Morquio-Brailsford type—one body is usually smaller 
than the others and is displaced backwards as if squeezed out of line. The mal-alignment is 
always more obvious above the small body than below it: the vertebrae above appear to 
have slipped forwards on the small deformed body. This deformity is seen in both types of 
chondro-osteo-dystrophy but there is no other resemblance. The displaced vertebral body 
is concave on its anterior surface, the upper part being deficient and the lower part projecting 
forwards in the form of a beak. This beak is quite different, both in shape and position, from 
the central ‘‘ tongue ’’ seen in the Morquio-Brailsford type. The typical shape and displace- 
ment is seen most often in the second lumbar vertebra and, next in frequency, in the first 
lumbar vertebra: in only one case was the twelfth dorsal as well as the first lumbar vertebra 
small, beaked, and displaced. A similarly peculiar shape is often seen in the vertebral body 
next below the one displaced and occasionally in the one above it. This distortion, which is 
a diagnostic feature, is usually seen only in two or three of the upper lumbar bodies; but in 
two patients the first four lumbar bodies were all affected. In one patient the fifth lumbar 
vertebra showed typical deformity: in this case the first and second bodies and possibly the 
fourth were also affected, but the third lumbar vertebra was normal. Only one case has been 
found in which the shape of the bodies as seen in lateral radiographs failed to indicate clearly 
to which group of chondro-osteo-dystrophy the case belonged (Snoke 1933). If lateral 
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radiographs are taken when the spine is flexed it will be seen that much more movement 
takes place at the level of the disc above the small body than in the disc below. 

Angular kyphosis may be present without any vertebral body being small or displaced. 
The ribs may be thicker than normal, particularly anteriorly. In one case the lower ribs 
were said to be like Indian clubs (Slot and Burgess 1938). The long bones are often thick and 
of uniform density. On the whole, the bones of the upper limb show greater change than those 
of the lower limb (Caffey 1945). 
Hip joints—The hip joints show peculiarities that are quite different from those seen in 
the Morquio-Brailsford type. The roof of the acetabulum is usually shelving but there is no 
gross enlargement or irregularity such as is seen in the other type. There is coxa valga 
and the femoral necks are long. The epiphysis for the femoral head may be deformed and 
irregular, particularly on the inner side, but it does not show the gross changes that are so 
characteristic a feature of the Morquio-Brailsford type. The femoral heads may be displaced 
a little upwards but there is seldom true subluxation. There may be irregularity of ossification 
of other epiphyses, particularly of the head of the humerus, and of the glenoid which is flat. 
Ossification may be delayed and there may be delayed fusion with the shaft. There is often 
delay in ossification of the carpus and the patella. The lower ends of the radius and ulna may 
be deformed as in the Morquio-Brailsford type. The long bones of the hands may be short, 
thick and honeycombed, with the bases of the metacarpals pointed. Symmetrical thickening 
of the lateral aspect of the upper femoral shafts was seen in two cases, but precisely similar 
thickening was seen in one case of the Morquio-Brailsford type of chondro-osteo-dystrophy. 
Progress—Sometimes the condition remains stationary but as a rule there is gradual deterioration and 
the child dies before growth is complete. Five patients, ranging in age from one to three and a half years, 
all died before reaching the age of eight years. 
Pathology—tTuthill (1934) first recorded the finding of lipoid in the brain with changes corresponding to 
those of juvenile amaurotic idiocy. Ashby et al. (1937) reported autopsy findings in two cases and confirmed 
these observations: they did not find evidence of lipoid deposit outside the nervous system but thought 
nevertheless that the condition must belong to the lipoidoses; they suggested that the lipoid was not in 
pure form but was combined with protein; and they found changes in the thyroid gland and were convinced 
that in both cases there must have been hypothyroidism. Kressler and Aegerter (1938) are credited with 
the first demonstration of extra-cerebral lipoids in the liver, spleen, cornea and pituitary, but not in the bones. 
Diagnosis—The distinctions between gargoylism and the Morquio-Brailsford type of chondro-osteo- 
dystrophy have already been discussed. Differentiation from cretinism, which has often been the first 
diagnosis, is made more difficult by the fact that angular kyphosis with diminution in the size of one 
vertebral body may sometimes be observed in a true cretin. On two occasions we have seen a similar spinal 
deformity in patients with all the signs of achondroplasia but without the other features of gargoylism. 
Congenital syphilis can be excluded by the Wassermann reaction and by the entirely different appearance 
of the bones (Ellis et al. 1936). In one case reported by Ellis et al. there was a suspicion of acromegaly 
because the facies was suggestive and the pituitary fossa was large, but such differentiation should soon 
be made easy when it is recognised that in chondro-osteo-dystrophy growth is retarded and not accelerated. 
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: CASE 14—GARGOYLISM 
(Figs. 39-43.) Male, aged two and a half years. Deformity of chest noticed at nine months; 
becoming worse. Kyphosis present at eleven months. Head large; facies heavy. Backward 
; but no gross mental deficiency; squints. Limitation of movement of some joints, especially 
1 the shoulders. Hands spade-like; fingers curved. Stands with hips and knees flexed. 
2 Knock-knee. No corneal opacities. Liver and spleen not enlarged. Umbilical and left inguinal 
herniae. Radiographs: sella enlarged; spine typical of gargoylism with lumbar kyphosis; 
L clubbing of lower ribs; bilateral coxa valga; metacarpals of typical shape. Two other 
) | children both normal. (Under Mr Eric Lloyd.) 
L 
1 
) 
1 
1 
1 i 
, 
a 
y 3 
> | 
. @ 
s) 
1 
t 
a 
1 
1 : 
i 
e 
l 
_ 
y 
’ . 
‘ Fic. 39 
; Case 14. Photographs showing the large head and typical heavy features. Note the 
typical attitude on standing with the hips and knees flexed, and the lumbar kyphosis. 
{ 
{ 
Fic. 40 Fic. 41 
3 Case 14. Showing enlargement of the sella turcica (Fig. 40) and enlarged acetabula, 
poorly formed roofs, and a mild degree of coxa valga (Fig. 41). 
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Fic. 42 Fic. 43 


Case 14. Lateral radiograph of the spine (Fig. 42) showing the apex of the kyphosis formed by the second 

lumbar body which is small (D.12 is without corresponding ribs). The bodies of the second and third 

lumbar vertebrae show a beaked shape. There is some enlargement of the anterior parts of the ribs. 

Lateral radiographs of the spine taken in flexion (Fig. 43) show that there is much greater forward move- 

ment of the first lumbar vertebra, occurring at the intervertebral joint between it and the small displaced 
second lumbar body, than at any other level of the spine. 
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CASE 15—GARGOYLISM 

(Figs. 44-47.) Male, aged three years. Mentally backward. Corneae cloudy. Facies coarse 
and heavy. Head large; bossing above ears; eyes widely separated; bridge of nose broad; 
teeth spaced; hair coarse, eyebrows thick. Liver and spleen enlarged. Nasal discharge. 
Unable to sit up. Well-defined angular kyphosis in upper lumbar region. Some scoliosis. 
Limitation of movement of the elbows. Radiographs: coxa valga; femoral necks long; 
acetabular roofs sloping; skull large; pituitary fossa enlarged antero-posteriorly; no sign of 
erosion; second lumbar body rather small, of typical shape, and slightly displaced backwards; 
other bodies biconvex. Biochemical investigations revealed nothing of importance. (Under 
Dr Wilfred Sheldon.) 






aor 





Fic. 44 Fic. 45 
Case 15, Lateral radiograph of the skull (Fig. 44) shows the abnormal size of the sella turcica, 
which has a smooth, sharply defined outline. Radiograph of the hand (Fig. 45) shows the 
abnormal shape and texture of the bones. The bases of the metacarpals are somewhat pointed. 
The radius and ulna are thick and the lower ends of their shafts deformed. 





Fic. 46 Fic. 47 


Case 15. The roof of the acetabulum is poorly formed on both sides and the femoral heads lie a 
little high (Fig. 46). There is bilateral coxa valga and the femoral necks are of unusual length. 
Radiograph of the spine (Fig. 47) shows an angular deformity with the apex at the second lumbar 
vertebra, the body of which is small, beaked and displaced a little backward. The other 
vertebral bodies are biconvex and not flattened, 
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CASE 16—GARGOYLISM 


(Figs. 48-51.) Male, aged nine years. Mentally backward but talkative and observant. 
Walked at the age of one year. Noticed to be clumsy with his hands at the age of two years. 
Definitely dwarfed. Head not unduly large. One eye removed for glioma of retina. Spleen 
just palpable; liver not enlarged. Some limitation of movement of the shoulder, elbow, 
hip and knee joints. Fingers short and stubby; joints thick; extension limited. The three 
inner fingers curve towards the first. Bones of the arms, forearms, and wrists feel thicker 
than normal. Radiographs: sella small; long bones thickened; coxa valga; acetabula of 
better shape than usual; spine typical. Blood examination: nothing of significance. He is 
the seventh of a family of seven, the eldest being twenty-eight. (Under Dr E. A. Cockayne.) 


Figs. 48-49 


Case 16. Photograph of the child 
at the age of nine years (Fig. 48) 
shows that the face is by no 
means typical. The arms are 
rather short. Radiographs of the 
skull showed a small sella turcica 
and no signs of frontal sinuses 
which should be visible at this 
age. The spine (Fig. 49) shows 
biconvex bodies, the second 
lumbar being rather small and 
of typical beaked shape: a 
suspicion of a similar shape is 
seen in the third and fourth 
lumbar bodies. 





Fic. 49 


Figs. 50-51 


Case 16. The right forearm 
(Fig. 50) shows stout bones, 
impaired ossification of the lower 
radial and ulnar epiphyses and 
of the carpus, and abnormal 
shape and texture of the bones 
of the hand. Note the tilting of 
the lower ends of the radius 
and ulna. The femora show 
unusual thickness (Fig. 51). The 
symmetrical thickening of the 
lateral cortex is curious but is not 
regarded as significant; similar 
thickening has been seen in a 
case of chondro-osteo-dystrophy 
of the Morquio-Brailsford type. 
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Fic. 50 Fic. 51 
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AN ANCIENT EGYPTIAN TREATISE ON TRAUMATOLOGY 
2800 B.C. 


M. KAMEL HUuSSEIN, Caro, EGyptT 


Among the hundred thousand labourers who, according to Herodotus, were engaged 
for thirty years on the construction of the Great Pyramid, cutting huge stones, transporting 
them over land and water, and lifting them to great heights, serious accidents must have 
occurred almost daily. Priests visited the victims as part of their duty, read sacred 
incantations and administered herbs, but in general left them to the care of the gods. One 
of the labourers, however, was specially interested: he watched them carefully, examined 
them repeatedly, and helped them so far as he could with his meagre knowledge. He was 
an illiterate farmer with no pretence to any of the forms of education that were accepted in 
his day. He was innocent of exalted priestly knowledge and had no inkling of the vast 
information acquired by the domineering scribes; but it was this very ignorance that saved 
his mind from the doctrines, dogmas, hymns and charms of the highly educated; and his 
virgin mind was thus given full scope to develop its powers. This natural development proved 
to be exactly along the lines now recognised by modern medicine. He examined patients, 
acquired a vast experience, and remembered his clinical observations. Without the aid of 
records or any method of statistical analysis he grouped cases into clinical entities, foretold 
prognosis, treated patients rationally, examined them again and again, and observed the 
development of their diseases until they died or recovered. This was quite different from the 
technique of Hippocratic medicine, or Greek natural philosophy, which consisted in building 
logically and by deduction a great superstructure of knowledge on the basis of flimsy evidence 
and unimportant observation. His work proved that the inductive method can develop 
naturally even in the untutored mind and that human culture need not have waited so long 
before adopting it as the correct technique of thinking. 

It is true that this doctor of ancient Egypt did not create a school. His work was too 
advanced for the age in which it was produced. It could not have been considered high 
culture—such a distinction was reserved for metaphysics, the occult arts and magic, which 
did little to permit the growth of inductive reasoning. Yet his work must have been 
appreciated by his contemporaries who became aware of its importance and asked him to 
commit his experience to writing. I imagine him as a grey haired man, who had seen the 
Great Pyramid grow, had seen some patients die and others recover, and thereafter told his 
younger colleagues what would happen to their patients. Almost invariably it befell as he 
told, and they marvelled. They were filled with admiration and wrote down the sayings of 
their great Master. He dictated his treatise—the first medical treatise in history. It was 
sought eagerly and commentated carefully. About one thousand years later, during the 
17th century B.c., one copy, which unfortunately was unfinished, appears to have been 
mistaken for part of the Book of the Dead and was buried in a grave where it remained 
for about thirty-five centuries. In 1862 it was bought by an American Egyptologist, Edwin 
Smith; and later it was studied by Professor Breasted, the celebrated Egyptologist. 

The style is remarkable. There is a peculiar quality, common to all original thinking, 
in which first-hand knowledge seems to be expressed so naturally. It is concise, unpretentious, 
orderly and simple. To find the same style we must pass through the centuries to the pages 
of ‘‘ De Motu Cordis.” Ambroise Paré described fracture of the spine with paraplegia in the 
same graphic and succinct manner as this Egyptian author (Brockbank and Griffiths 1948).* 





* BROCKBANK, W., and Grirritus, D. Li. (1948): Journal of Bone and Joint Surgery, 30-B, 556. 
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His talent for classification and orderly exposition is obvious. He was the first to use 
terminology which would not be intelligible to laymen and which had to be explained. 

The papyrus itself, which has come to be known as the Edwin Smith Papyrus, is a 
collection of clinical records (forty-eight in all). They are arranged in logical fashion, starting 
with injuries of the head, and then the face, temporal region, mandible, chin, cervical vertebrae, 
clavicle, humerus and sternum. In each group he begins with the simple, superficial and less 
dangerous injuries and then discusses deeper and more serious disorders. Reports of the 
eight cases of head injury began by describing wounds of the scalp. In a glossary, 
the word “examine’”’ is explained as having some relation to counting the pulse, “ to 
know the action of the heart from which vessels go to every limb, hands, and feet.’’ The 


commentator adds: “a priest of Sekhmat or any other physician puts his hands or fingers 


” 


upon head or hands and measures the heart ...”” This knowledge of the pulse, and its clinical 
use as a measure of the action of the heart, was not known to Hippocrates and became 
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Fic. 1 


Facsimile of the original hieroglyphic text of Case 6 


popular only through the work of the doctors of Alexandria. Case 3 is one of compound 
fracture of the vault of the skull and in it he advises digital examination of the wound. 
Case 4 is the first of the more serious cases where the examination discloses ‘‘ something 
disturbing under the finger.’’ In spite of bleeding from the nostrils and ears, and stiffness 
of the neck, the verdict is given as “an ailment with which I shall contend.” Case 5 differs 
from this only in so far as there is depression of the fracture but the verdict is: ‘ an 
ailment not to be treated.” 

In describing Case 6 it is recorded: “ If thou examinest a man having a gaping wound 
in his head, penetrating to the bone, smashing his skull, and rending open the brain of his 
skull, thou shouldst palpate his wound. Shouldst thou find that smash which is in his skull 
like those corrugations which form in molten copper, and something therein throbbing and 
fluttering under thy fingers, like the weak place of an infant’s crown before it becomes whole; 
when it has happened there is no throbbing and fluttering under thy fingers until the brain 
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of his skull is rent open; he discharges blood from both nostrils; he suffers from stiffness of 
his neck; thou shouldst say: an ailment not to be treated. Thou shouldst anoint his wound 
with grease. Thou shalt not bind it, thou shalt not apply two strips upon it, until thou 
knowest that he reached a decisive point.”’ Fig. 1 is a facsimile of the original hieroglyphic 
of this case. Here is mentioned for the first time in history the brain. The gyri are compared 
to molten copper. Pulsations are observed and their absence is recognised as a serious sign. 
The case is evidently one of compression of the brain after a fractured base of the skull. The 
glossary of this case explains that the membranes are ruptured and that “it breaks open 
his fluid in the interior of his skull.”” He does not say blood and this could mean only 
cerebro-spinal fluid. 

Case 7 is probably one of meningitis and is a little puzzling. Case 8, on the contrary, is 
beautifully clear: ‘‘ If thou examinest a man having smash of his skull under skin of his head, 
palpate his wound. Shouldst thou find that there is swelling protruding on the outside of 
that smash which is in his skull, his eye is askew because of it on the side of him having that 
injury which is in his skull, and he walks shuffling with his sole on the side of the injury— 
thou shouldst recognise him as one whom something has smitten from outside as one who 
does not release his shoulder fork and who does not fall with the finger nails in the middle 
of his palm. He suffers from stiffness of neck and bleeds from ears and nostrils. An ailment 
not to be treated. Sit him up till he regains colour and until he reaches a decisive point.” 
A second examination records observations exactly as Case 6 as far as the words “ an ailment 
not to be treated.’’ This is a clear case of hemiplegia after head injury with conjugate 
deviation of the eyes. For once he changes the formula “ thou shalt say concerning him ”’ 
and writes: ‘‘ thou shouldst recognise him as one whom something from outside has smitten.”’ 
I believe this shows that he wanted to make a distinction between hemiplegia due to internal 
disease and that due to injury. 

Let us compare the observations of this Egyptian doctor on head injuries with those 
made about 2500 years later by Hippocrates who is acknowledged as one of the world’s 
greatest medical thinkers. Hippocrates first noted that the configuration of the skull 
and the arrangement of sutures differed in various parts and said: “‘ the region which is 
thinnest and weakest is the forehead. There the skull has least flesh over it and most brain 
matter underneath.” From this it was assumed, by logic and not from clinical observation, 
that ‘‘the bone is more likely to be contused, fractured, and depressed and these lesions 
are more dangerous, more difficult to treat and less likely to escape death than lesions in 
other regions; and when death occurs it occurs earlier, for the brain suffers more seeing that 
the bone is thinnest and brain matter thickest there.’’ The theme was developed and lesions 
caused by different weapons in different regions of the skull were considered, many conclusions 
being derived from the not very significant fact that the skull was thinnest in the forehead. 
The rest followed. This was real Greek logic and quite foreign to our author. There is much 
sound observation in the Hippocratic thesis, and in his writings the operative procedure of 
trephining is well discussed. But one does not gain the impression of clear recognition of 
clinical details of individual cases, nor of the fundamental facts of head injuries. The 
characteristic features of fracture of the base, compression of the brain, meningitis, and 
conjugate deviation of the eyes, were never impressed upon him by direct observation; and 
the undue attention he paid to the fracture itself influenced surgical text-books until very 
recent times. It is the brain injury that matters—not the fractured skull, and this was the 
emphasis of our very ancient author. His observations lay much nearer to the truth than 
many of those of Greek medicine which captured imagination by their cleverness rather than 
their soundness. 

The Egyptian papyrus, Case 20, a wound of the temporal region, mentions bleeding 
from the nostrils and both eyes and adds that the “‘ patient wipes his eyes with the back of 
his hand like a child and knows not that he does so ’’—a beautiful description of cerebral 
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irritation. Fracture of the mandible with fever is pronounced an ailment not to be treated. 
The report of Case 25 is a gem: “If thou examinest a man having dislocation of his 
mandible and the mouth is open, thou shouldst put thy thumb upon the end of the rami of 
his mandible and your two claws (hands) under his chin and thus reduce his dislocation.” 
There never was, and probably never will be, another method of reduction for this dislocation! 

In the management of injuries of the spine, Case 31 is a typical record. It is entitled: 
“‘ Instructions concerning a dislocation in a vertebra of his neck.” ‘If thou examinest a 
man having a dislocation of a vertebra of his neck, shouldst thou find him unconscious of 
his two arms and his two legs on account of it, while his phallus is erected on account of it 
and urine drops from his member without his knowing it; his flesh has received wind; his two 
eyes are bloodshot; it is a dislocation of a vertebra of his neck extending to his back-bone 
which causes him to be unconscious of his two arms and two legs. If, however, the middle 
vertebra of his neck is dislocated, it is an emissio seminis which befalls his phallus (it remains 
stationary, when it cannot sink downwards, it cannot lift upwards). Diagnosis: Thou shouldst 
say concerning him: One having a dislocation in a vertebra of his neck, while he is unconscious 
of his two legs and his two arms, and his urine dribbles, an ailment not to be treated.” 

In the treatment of fractures of the clavicle it is recorded that the patient should be 
placed “ prostrate on his back with something folded between his shoulder blades . . . with 
his two shoulders to stretch apart his collar bone until the break falls in its place. Place two 
splints of linen, one on the inside and the other on the underside of his arm.”’ Has any 
material progress been made in the treatment of this injury in the fifty centuries that have 
since elapsed ? 

There seems little doubt that the author of this papyrus was skilled not only in clinical 
observation but also in anatomical dissection and post-mortem examination apart, I think, 
from embalming. How else would he have known of the meninges of the brain, and the 
likeness of the gyri of the brain to molten copper? How otherwise could he have referred to 
“canals leading from the heart to every member,” and to the “‘ two canals on each side of 
the throat leading into the lungs? ” Would clinical observation alone have shown him that 
in fractures of the spine the crushing of one vertebra into another was “ like the imprint of 
a foot in cultivated ground? ” 

His knowledge of physiology and pathology was of course limited but he knew that by 
feeling the pulse he could assess the action of the heart, and that injuries of the brain could 
cause paralysis of the opposite side of the trunk and limbs. He knew something of conjugate 
deviation of the eyes. He knew about inflammation and described the signs of redness, 
swelling and heat. He recognised the danger of fever in a compound fracture. He described 
a sprain as ‘“‘a rending of two members though each is still in its place.” He knew that 
compression of the brain was dangerous when pulsation of the brain ceased. And we should 
perhaps emphasize the eagerness with which in Case 8, an injury of the skull and brain, he 
claimed that symptoms were caused by “something from outside smiting him ”—thus 
denying the supernatural and demoniacal influences of a fall which even to this day, more 
than five thousand years later, are held in certain parts of Egypt. 

The author lived 2800 years before Christ; he saw the building of the Pyramids; he 
had powers of clinical observation even greater than those of Hippocrates; and he 
recorded methods of treatment which have not been excelled to-day. His work was indeed 
too advanced for the age in which he lived. 
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ORTHOPAEDIC SURGERY IN THE SIXTEENTH AND SEVENTEENTH CENTURIES 


TRACTION APPARATUS—THE VIDIAN PICTURES 


D. LL. GRIFFITHS and WILLIAM BROCKBANK 


From the Medical Library of the University of Manchester 


The story of traction apparatus in the sixteenth and seventeenth centuries is part of 
the story of the effect of the Renaissance and of the rediscovery of Greek texts. Traction, 
more or less in the long axis of the limb, had been the classical method of reducing fractures 
since early antiquity. Hippocrates gave an account, as surprisingly modern as is so much of 
his work, of its dangers and its limitations. But Hippocratic appliances for producing 
| powerful traction appear to have dropped out of use in the general decline of learning which 
followed the fall of Rome. Guy de Chauliac (1300-1368) is credited with the introduction of 
continuous traction with a weight and a pulley for the treatment of fractures of the femur, 
but very little else is known about pre-Renaissance traction appliances. 

Greek learning lasted longer in Byzantium than in Western Europe. Somewhere about 
A.D. 900 a Byzantine physician named Niketas made a collection of surgical manuscripts 
which included a series of full-size plates illustrating the treatise of Hippocrates on dislocations. 
The illustrations represented Byzantine practice but their genuineness is accepted. The 
manuscripts, with the illustrations, were bought in Crete in 1495 by an agent for Lorenzo de 
Medici and were reproduced by two Renaissance artists, one of whom was Primaticcio. 
These reproductions were in turn used by Guido Guidi (1500 ?—1569) to illustrate his collection 
of translations of surgical papers which he published in 1544 in Paris by permission of “‘ the 
Pope, the King of France, and the Duke of Ferrara.” Guidi, whose Latinised name, Vidius, 
is commemorated by his discovery of the Vidian nerve, was an anatomist-surgeon. One of 
the teachers of Vesalius, he was a supporter of Hippocratic principles and an antagonist of 
those who believed that blood passed from the right heart to the left directly through pores 
in the septum. He also gave a description of syphilitic caries of the skull that was probably 
the first of its kind (Mettler). 

Guidi’s “‘ Chirurgia é Graeco in Latinum conversa ”’ is a series of translations of Greek 
authors into Renaissance Latin with a certain amount of original commentary. The text of 
the orthopaedic sections is very second-hand. There is no direct translation of an original 
author in the sections on fractures, on joints, or on dislocations. Instead, these chapters are 
renderings into Latin of commentaries on the original Greek authors, such as Galen’s 
commentary on Hippocrates’ account of fractures, and the commentary of Oribasius on 
‘ Heliodorus’s description of surgical appliances. Oribasius (A.D. 325-405) was a Byzantine, 
a compiler rather than an original author, whose compilations saved many works from loss. 
Heliodorus lived probably just before Celsus in the first century and is mentioned by the 
poet Juvenal. It was in the chapters on Heliodorus’s work that the Primaticcio illustrations 
appear. 

The simplest of the traction devices shown in these pictures certainly existed before 
Hippocrates, for it consisted simply of levers used singly or in pairs (Fig. 1). Windlasses were 
advocated to give even more powerful traction (Fig. 2). A combination of windlasses and 
pulleys provided the traction force in the ‘‘ Glossocomium ”’ (Fig. 3). This is perhaps the oldest 
fracture-apparatus of all. The name is interesting, for though the Greek lexicon (Liddell and 
Scott) gives its Galenical use as “a surgical instrument for reducing fractures and dislocations,”’ 
the word also means a case in which to keep the reeds and tongues of musical instruments; 
and in the New Testament it is used to mean a coffin. 
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A Trabecula. 
B  Lignarecuruata. 
C Lora. 























Fic. 1 


Traction on a fracture of the lower leg by means of two levers (Vidius). 

This is illustrated in the chapter dealing with Galen’s commentary 

on Hippocrates’ work on fractures. The “traction tapes’”’ (lora) were 
leather thongs—Hippocrates recommended ox-hide. 
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Fic. 2 


Simple windlasses replace the levers in this diagram in the same 
section of Vidius’s book. 


- GLOSSOCOMIVM 
A Axis laquei alligancur . 
B Saquetigeies. . 

Cc ee: 

D Inferior pars gloflocomij. 

E Trochlex. 

F 


Superioris laquei capita ab exteriori parte gloffocomij . 




















Fic. 3 
The Glossocomium. This illustration of the appliance comes from the 1625 


edition of Galen. Vidius has a diagram with identical explanatory notes 
and lettering, but his more beautiful drawing is less clear. 
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The Oribasius-Heliodorus section of the book illustrates several much more complicated 
machines including an upper limb appliance (Figs. 4 and 5). But the most famous of 
all the appliances illustrated by Vidius is the Hippocratic Scamnum (Fig. 7). This device, 
about which there has been some controversy, and which in its Vidian form may have derived 
as much from the mediaeval rack as from the Greek scamnum, could be used for the reduction 
of almost any fracture or dislocation. We have already illustrated examples of its application 
to injuries of the shoulder and the spine in earlier numbers of this series of annotations and 


UE MACHINAMENTIS 
Fabri Organum. 


DE MACHINAMENTIS. ro 









































Fic. 4 


A traction apparatus for the upper limb illustrated by Vidius in the translation of Oribasius’s 
commentary on Heliodorus on surgical instruments (Fig. 4). The apparatus is shown in 


use for a fracture of the upper limbs in Fig. 5. 


it is shown here in the treatment of a fracture of the mandible (Fig. 8). This versatile appliance 
appears to have remained constantly in use, well into the eighteenth century. Fig. 6 shows 
the reduction of a fracture of the leg by means of the Scamnum, in the time of Johann Schultes 
(Scultetus, 1595-1645) one hundred years after Vidius. 

The Greek, mediaeval and Renaissance interest in more and more powerful traction 
reflects the contemporary ignorance of direct manipulation as a means of reducing fractures. 
In view of the early use of manipulation in dislocations this is a little odd, but reduction of 
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Fic 6 


The Scamnum in use in the seventeenth century (Scultetus). This is the Vidian reconstruction 
without the modifications suggested by Littré. 
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ORTHOPAEDIC SURGERY IN THE SIXTEENTH AND SEVENTEENTH CENTURIES 
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Scamnum Hippocratis. 














The Scamnum of Hippocrates. This was recommended by its originator (On Joints, LX XII) 
as worth while obtaining by anyone practising surgery in a populous city. It is considered 
that Vidius’s illustration (shown twice in his book) may err in showing square holes (D) 
down the middle. These should perhaps have been a series of deep parallel grooves for a 
perineal centre post (E) which should be shorter and less pointed. The corner posts (B) are 
possibly also too high (Littré). The intermediate supports (F) may originally have been 
movable. One specimen of the Scamnum which is still in existence is, ‘however, of the Vidian 
type. Fig. 8 shows the Scamnum in use for a mandibular fracture (Vidius). 
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fractures by anything other than traction appears to have been unknown until almost the 
The fracture appliances of later writers in the sixteenth and seventeenth 
centuries, such as Paré, Fabry and Schultes, show no more than increasingly powerful 
machines, leading ultimately to the use of block and tackle and screw-traction appliances 
such as we previously illustrated in use for dislocations of the shoulder. 
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Book Reviews 


OSTEOARTHRITIS OF THE HIP JOINT. By H. Warren Crowe, D.M., B.Ch. (Oxon). Senior 
Physician, Charterhouse Rheumatism Clinic. 107} in. Pp. viii+70, with 60 figures. Index. 1948. 
London: The Rolls House Publishing Co., Ltd. Price 35/6. 


The reader who is attracted by the title of this book and expects to find a comprehensive review of 
so important a subject will be disappointed for the author sets out to do little more than present his own 
particular doctrines. The thesis is, that in osteoarthritis ‘‘ degeneration is not the main etiologic factor,” 
that ‘‘ relief of pain should never be the primary object of therapy, but rather the arrest of the pathological 
process together with measures of rehabilitation,’ and finally that ‘‘ in the majority of even quite severe 
cases the prognosis is by no means unfavourable.”’ The etiological hypothesis that is advanced . . . “‘ is 
that of an infection by commensal organisms following slight trauma ”’ and it is claimed that “ once the 
methods here advocated become generally used, the surgeon will no longer have to operate.” 

The basis upon which the book has been written comprises 500 cases treated since 1927. Yet the 
whole foundation of the evidence that might have been provided by such a large series is shaken at the 
very beginning by the statement that ‘‘ all forms of rheumatic arthritis at whatever age ’”’ are included. 
Statistically, therefore, this book is valueless as a discussion of a particular entity. The author regards 
clinical results as ‘‘ always suspect ’’ because they may be biased “‘ through enthusiasm.”’ On the other 
hand “‘ evidence of arrest of the disease as shown by skiagrams cannot be denied even by the most sceptical.” 
The author gives a table of twenty-three cases demonstrating radiographic evidence of ‘‘ complete arrest 
of the disease.”” ‘‘ These,’’ he says, ‘‘ are not exceptional, but typical of from 70 to 80 per cent. of all cases.” 
And yet elsewhere a table of clinical results in 263 cases shows only 56:5 per cent. of good results. It is 
not stated for how many years these cases have been studied, yet it is significant that the author is prepared 
to pass judgment on radiographic evidence of complete arrest after only one year in seven of twenty-three 
cases specially selected for illustration. This is quite apart from the fact that no allowance is made for 
technical variations of radiography and photography. 

The treatments that Dr Warren Crowe is concerned to advance are vaccine therapy, intra-articular 
injections, gymnastics, special appliances to stretch hips in abduction, and Tavernier’s denervation operation. 
Mr Whitchurch Howell has been allowed less than one page to discuss the surgery of osteoarthritis. 
Dr Crowe is a sincere person and because of his large experience he commands respect; but his cause 
gains poor service from an enthusiasm that is not supported by clear and concise reporting with reasonable 


judgment of the evidence.—Norman CaPENER. 





THE MEDICAL ANNUAL, 1948. Edited by Sir Henry Tipy, K.B.E., M.D., F.R.C.P., and A. Rendle 
SHorT, M.D., F.R.C.S., with forty-two contributors. . Sixty-sixth Year. 9x6} in. Pp. Ixxvi+414, 
with 59 figures. Index. 1948. Bristol: John Wright & Sons, Ltd. London: Simpkin Marshall (1941), 
Ltd. Baltimore: The Williams & Wilkins Company. Toronto: The Macmillan Co. of Canada, Ltd. 
Melbourne: W. Ramsay. Sydney: Angus & Robertson, Ltd. Price 25/-. 


This well-known publication is arranged along the same lines as in previous years. The relatively 
few items on orthopaedic subjects that are included in the present volume will be of interest to the 
general practitioner rather than to the specialist. Orthopaedic surgeons will find that the reviews and 
extracts are insufficiently detailed to be of practical value, and in many cases they will already have read 
the original contribution itself. But even if this is so they will be reminded of their earlier reading, and, 
moreover, they will be offered in concise form a means of keeping abreast of modern progress in fields of 
medicine and surgery other than their own. This is a book which every specialist might read with benefit. 

The main sections of orthopaedic interest are those concerned with poliomyelitis, arthritis, biceps 
reconstruction, epiphysial disorders, cervical rib, anticoagulant drugs and streptomycin. In general the 
selection of material is representative and the reviewers’ comments are fair. This is true particularly of 
the section on poliomyelitis, an important topic in view of the unprecedented extent of the 1947 epidemic 
in Great Britain and of the changes that appear to be taking place in the characteristics of this disease. 
The inclusion of a section on cervical rib and costo-clavicular compression, and of Sir Thomas Fairbank’s 
work on epiphysial disorders, is also timely. The reviewer does well to emphasize that there are causes 
of sciatica other than prolapse of an intervertebral disc. It is doubtful, however, whether the report of 
two patients treated by division of the pyriformis will carry any conviction that abnormalities of this 
muscle play an important part. The discussion on the anticoagulants, heparin and dicoumarol, and on 
streptomycin, places the use of these drugs in their proper perspective. The necessity for adequate controls 
during administration is rightly emphasized.—H. OSMOND-CLARKE. 
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ACIK KIRIKLAR VE KOMPLIKASYONLARI: TESHIS VE TEDAVILERI. (THE DIAGNOSIS 
AND TREATMENT OF OPEN BONE FRACTURES AND THEIR COMPLICATIONS.) By Dervis 
MANIZADE. 9}X7in. Pp. xv+244, with 89 figures, four in colour. 1948. Istanbul: Kenan Matbaasi. 
Paper cover. 


We review here the thirty-page summary, written in excellent English, which concludes this 
monograph epitomising modern practice in the treatment of open fractures. The work contains little that 
is new, but it is well arranged and clearly written. The clinical classification is good and there is special 
emphasis on the treatment of the whole patient, and particularly the treatment of shock and such 
complications as fat embolism. James Latta’s original description of shock in 1795 is quoted as “‘ collapse 
of blood circulation caused by severe injury,’’ a remarkably brief and correct summing up of a condition 
that almost defies definition. Local anaesthesia with little or no adrenalin is used most frequently. Wide 
excision of the wound is insisted upon, with avoidance of the insertion of foreign bodies, even ligatures so 
far as they can be avoided. Scarcity of penicillin in Turkey has obliged the author to supplement his 
limited experience of its use by the results of others. Wounds are preferably left exposed and the limb 
is elevated. In relieving pain the author rightly insists upon the avoidance of technical faults such as 
unsuitable posture of the limb, but he is perhaps too unwilling to make use of analgesics. He stresses the 
importance of minerals and vitamins in the diet but makes no mention of other factors such as proteins, 
which are of great importance in the injured. This work comes from the First Surgical Clinic of the 
University of Istanbul. We should like to see more surgical material from Turkey, with good English 
summaries as in the present instance, because it would help us to keep in touch with the work of our friends 
in that country.—H. Jackson Burrows. 


A SYNOPSIS OF ORTHOPAEDIC SURGERY. By A. David LE Vay, M.S., F.R.C.S., Honorary 
Orthopaedic Surgeon, Woolwich Memorial Hospital. 9x7 in. Pp. vii+242, with 55 figures. Index. 
1947. London: H. K. Lewis & Co., Ltd. Price 15/-. 


This little book, as Le Vay describes it, will not prove of great interest to readers of the Journal of 
Bone and Joint Surgery. It is intended to be no more than a “concise factual survey of orthopaedic 
surgery for the use of senior undergraduates and possibly of post-graduate students working for higher 
qualifications.’’ We may all regard ourselves as “‘ senior undergraduates,”’ but it is likely that we shall 
be more attracted to reading in the wider fields of those authorities to whom Le Vay pays acknowledgment. 

The post-graduate, working for a higher qualification in surgery, may find this book useful in the 
final frantic hours before the day of examination, but it will not gain for him a sound and balanced 
appreciation of orthopaedic surgery. It has always been difficult to define ‘“‘ orthopaedics’ and it has 
often been impossible to limit the field of orthopaedic surgery; but surely we are concerned with a special 
craftsmanship, dealing with various pathological conditions that affect the locomotor system. Le Vay 
assumes in his reader a knowledge of the principles of orthopaedic treatment which the student does not 
possess. A good deal of the space that he devotes to descriptive pathology and differential diagnosis 
could better be used for subjects he omits: for instance, some discussion of the types of deformity and the 
reasons why they arise; the principles of splinting, including the use of appliances and plaster-of-Paris; 
and the principles of physiotherapy, especially muscle re-education in all its aspects. There is no composite 
description or discussion of such common orthopaedic procedures as tendon transplantation, osteotomy, 
or arthrodesis. There is no section at all on the use of bone as a graft. 

Those of us who are concerned with teaching are often asked to recommend a short descriptive work 
on orthopaedic surgery. Le Vay is to be congratulated on his attempt to satisfy the needs of the student, 
but unfortunately he has not wholly achieved his aim.—W. D. CoLTart. 


Editorial note—In British numbers of the Journal of Bone and Joint Surgery, no reviews of books are 
published under the cloak of anonymity and honesty of opinion is assured thereby. But it would be curious 
if there was never difference of opinion. The opinion of at least two members of the Editorial Board as 
to the merit of Le Vay’s ‘‘ Synopsis of Orthopaedic Surgery’’ appears to differ from that of Mr Coltart. 
The comment of the sub-editor is: ‘‘The Synopsis is remarkably up to date and comprehensive for its 
size, and it will surely be of much value to students, both undergraduate and post-graduate.’ We trust 
therefore that Mr Le Vay will take note of our critical comments, but will not be unduly discouraged. 


ANAESTHESIA FOR THE POOR RISK, and Other Essays. By William W. Musuin, M.A. (Oxon.), 
M.B., F.F.A., D.A., Director, Department of Anaesthetics, Welsh National School of Medicine, Cardiff; 
formerly First Assistant, Nuffield Department of Anaesthetics, University of Oxford. 845} in, Pp. 
ix+65. 1948. Oxford: Blackwell Scientific Publications, Ltd. Price 7/6. (This volume will be included 
as No. 49 in the American Lecture Series.) 


This is a collection of twenty-eight essays on various subjects—mostly controversial—connected 
with anaesthesia. The reader is unlikely to agree with all that the author says but he will appreciate the 
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arguments and will enjoy the attractive style of writing. Many fallacies are exposed, such as the desirability 
of employing spinal block in shocked patients, the belief that all anaesthetic convulsions are due to ether, 
and the view that dissolving local analgesics in oil is a scientific way of prolonging their effect. The book 
can be read through at one sitting and it is a welcome and unusual addition to the literature of anaesthetics. 
—C. Langton HEWER. 


LA DENUTRITION DE GUERRE: ETUDE CLINIQUE, ANATOMO-PATHOLOGIQUE ET 
THERAPEUTIQUE. By Ed. F. Stmonart. 10347 in. Pp. 262, with 40 figures. 1948. Brussels: 
Acta Medica Belgica. Paris: Maloine. Paper cover. 


Simonart studied the effects of prolonged undernutrition on the inmates of a civil prison at Louvain 
during the German occupation of Belgium. The daily ration was approximately 1400-1500 calories. 
Fat and protein formed only a small part of the diet. The main locomotor disturbances that he observed 
were muscular weakness and neurological disorders reminiscent of beri-beri. He showed that the weakness 
of muscles was due in part to loss of muscle substance and in part to deficiency of vitamin B,; muscle 
power was increased by the intravenous administration of this vitamin. Biochemical evidence was 
obtained which supported his conclusion that deficiency of vitamin B, was the essential cause of the 
neurological findings. It is surprising that in such a population he found no evidence of skeletal changes: 
in similar patients other workers have shown radiographic evidence of osteoporosis (Brull, L., 1945: 
Les états de carence en Belgique. Liege: Editions Soledi; and Hottinger, A., Gsell, O., Uehlinger, E.; 
Salzman, C., and Labhart, A., 1948: Hungerkrankheit, hungerGddem, hungertuberkulose. Basel: Benno 
Schwabe & Co. New York: Grune & Stratton, Inc.). Demineralisation in such cases was almost entirely 
confined to males over the age of fifty years.—John BEATTIE. 


FRACTURES AND ORTHOPAEDIC SURGERY FOR NURSES AND MASSEUSES. By Arthur 
Naytor, Ch.M., M.B., M.Sc. (Sheff.), F.R.C.S. (Eng.), F.R.C.S. (Edin.). Honorary Orthopaedic Surgeon, 
Bradford Royal Infirmary and Bradford Children’s Hospital; Orthopaedic Surgeon, Bradford Municipal 
General (St Luke’s) Hospital and Bradford Education Committee; Temp. Major, Orthopaedic Specialist, 
R.A.M.C. Second Edition. 8}5} in. Pp. xiv+296, with 251 figures. Index. 1948. Edinburgh: 
e. & S. Livingstone, Ltd. Price 17/6. 

Specialisation in medicine and surgery is so well established in our age, and indeed so essential, that 
it is inevitable that it should permeate the professions of nursing and physiotherapy. It is important, 
therefore, that specialist text-books for nurses and physiotherapists should be produced, and so far as 
orthopaedic and traumatic surgery is concerned the author of this book has carried out his task well. The 
second edition maintains its high standard, but it is a pity that in revising it the author did not take the 
opportunity to improve several illustrations, particularly those of splints, and indeed to eliminate some of 
the text describing them. On page 21 the almost obsolete Thomas’ hip splint is reproduced as in text-books and 
catalogues of the last century, together with a half-page paragraph which is introduced by way of acknowledg- 
ment of its almost complete obsolescence. Elsewhere, splints that are almost entirely discarded are 
illustrated by reproductions from instrument makers’ catalogues. The opportunity might also have been 
taken to bring the title up to date. Apart from these criticisms, which are almost entirely confined to 
the descriptions of apparatus, the book is of a high standard in both text and illustrations, and it should 
be of value both to nurses and physiotherapists, particularly when taken in conjunction with their practical 
work.—John A. CHOLMELEY. 
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